= 


SEP 7464 


Volume 16 AUGUST, 1946 Number 2 


Journal 
Sedimentary Petrology 


A Publication of the Society of Economic Paleontologists and Mineralogists 
a Division of 
The American Association of Petroleum Geologists 


« CONTENTS » 


A =iagee of Textural Changes in a Beach by Repeated Samplings 
Weathered Gravels and Sands of Oregon and Washington ....... 
Victor T. Allen and Robert L. Nichols 52 
Evidence of Texture on the Origin of the Cheltenham Fireclay of 
Missouri and Associated Shales ............+. W. D. Keller 63 
A Comparison of the Physical Properties and Petrographic Charac- 


teristics of Some Limestones and Dolomites of Southeastern 
Minnesota ...... .. Ernest H. Lathram and George A. Thiel 72 


ANNOUNCEMENT 

L. W. LeRoy, “The Stratigraphy of the Golden-Morrison Area, 
Jefferson County, Colorado” 86 
ERRATA 

Percival Allen, Journal of Sedimentary Petrology, vol. 15, no. 

3, “Sedimentary Variation: Some New Facts and Theories” 86 


REVIEWS 
Edwin D. McKee and Charles E. Resser. Cambrian History of 
the Grand Canyon Region .......+.+-+: W.H.Twenhofel 87 


Ph. H. Kuenen and G. A. Neeb. The Snellius-Expedition in the 
Eastern Part of the Netherlands East-Indies, 1929-1930. Vol. 
V, 1943, Geological Results ........... W.H.Twenhofel 87 


: 
| 


Journal of Sedimentary Petrology 


W. H. TWENHOFEL, Eprror 
Madison, Wisconsin 


AssocraAtTE Epitors 


W. C. KRUMBEIN K. 0. EMERY 
Chicago, Illinois San Diego, California 


HENRY B. MILNER CLARENCE S. ROSS 
London, England Washington, D.C, 


R. DANA RUSSELL 
University, Louisiana — 


The Journal of Sedimentary Petrology is published by the Society of Economic 
Paleontologists and Mineralogists, a division of The American Association of Petroleum 
Geologists. Numbers are issued in April, August and December, 

The subscription price of the Journal of Sedimentary Petrology is $3.00 per 

year prepaid to addresses in the United ‘States. 

Single numbers, $1.50 each. 

Postage is charged extra for all othe: countries: 40 cents on annual dilietioticns 
(total $3.40). 

The Journal will furnish reprints at cost. Orders should accompany corrected 
galley proof. 

Communications about the Journal, subscriptions, rates, memberships, change 
of address, advertising and non-receipt of preceding numbers should be addressed to 
Society of Economic Paleontologists and Mineralogists, P.O. Box 979, Tulsa, Okla- 
homa. Claims for non-receipt of preceding numbers must be sent in within three 
months of the date of publication in order to be filled gratis. 

Communications in regard to manuscripts or purely editorial matters should be 
addressed to W. H. Twenhofel, Editor, University of Wisconsin, Madison, Wisconsin. 


GEORGE BANTA PUBLISHING COMPANY, MENASHA, WISCONSIN, U.S.A. 


/ 
by 
| 
: 


Volume 16 AUGUST, 1946 Number 2 


Journal of Sedimentary Petrology 


A Publication of the Society of Economic Paleontologists and Mineralogists 
a Division of 
The American Association of Petroleum Geologists 


CONTENTS 


A Study of Textural Changes in a Beach by Repeated Samplings..... 
Marshall Schalk 


Weathered Gravels and Sands of Oregon and Washington 
Victor T. Allen and Robert L. Nichols 


Evidence of Texture on the Origin of the Cheltenham Fireclay of Mis- 
souri and Associated Shales W. D. Keller 


A Comparison of the Physical Properties and Petrographic Characteris- 
tics of Some Limestones and Dolomites of Southeastern Minnesota 
Ernest H. Lathram and George A. Thiel 


ANNOUNCEMENT 


L. W. LeRoy, “The Stratigraphy of the Golden- Morrison Area, 


Jefferson County, Colorado.” 


ERRATA 


Percival Allen, Journal of Sedimentary Petrology, vol. 15, no. 3, 
“Sedimentary Variation: Some New Facts and Theories.” 


REVIEWS 
Edwin D. McKee and Charles E. Resser, Cambrian History of the 
Grand Canyon Region W. H. Twenhofel 
Ph. H. Kuenen and G. A. Neeb. The Snellius-Expedition in the East- 


ern Part of the Netherlands East-Indies, 1929-1930. Vol. V, 1943, 
Geological Results W. i. Twenhofel 


NOTICE 


Articles submitted for publication to the Journal of Sedimentary Petrology should 
have a prefatory abstract and sufficient postage should be sent by the author to pay 
the return of the manuscript as it has been found that many articles require more 
or less revision before publication. 

Persons who are not members of the Society of Economic Paleontologists and 
Mineralogists or are not subscribers to the Journal of Sedimentary Petrology but who 
desire to publish an article in the Journal, should have some member of the Society 
of Economic Paleontologists and Mineralogists or some member of the American 
Association of Petroleum Geologists sponsor the article. Members of these Societies 


are given preference in publication. 


43 

| 72 

\ 


q 


JOURNAL OF SEDIMENTARY PETROLOGY, VoL. 16, No. 2, pp. 43-51 
Fics. 1-3, TaBLEes 1-3, AuGust, 1946 


A STUDY OF TEXTURAL CHANGES IN A BEACH BY 
REPEATED SAMPLINGS* 


MARSHALL SCHALK 
Smith College, Northampton, Mass. 


ABSTRACT 


Mechanical analyses of repeated samplings of Ipswich Beach, Massachusetts, covering an 
eleven month period are presented. The successive samplings indicate that a change in the 
median diameter at one station is nearly always paralleled by a change in the same direction 
at the other stations. At an individual station the spread between high and low tide medians 
tends to remain of the same order. To a much lesser degree, the skewness and sorting values 
tend to change in unison. On a comparable beach, a single sampling should give the same range 
of difference in successive medians along the beach and thus indicate the median trend. 


INTRODUCTION 


In the usual textural study of the beach 
environment limitations of time prevent 
the collecting and mechanical analysis of 
more than one or two sets of samples. 
Also the scope of the investigation may 
prevent sampling of the whole beach 
unit on a single tide, so that samples 


taken on different days must be grouped 


together and evaluated as a continuous 
whole. The question inevitably arises, 
whether all samples are taken on the 
same day and tide or not;—would sub- 
sequent re-sampling give approximately 
the same difference between successive 
samples and exhibit the same trends? As 
part of a general study of certain New 
England beaches the problem was in- 
vestigated by repeating a series of three 
stations six times. Each station consisted 
of low and high tide samples. Two of the 
stations were given seven samplings. 
Intervals between samplings varied from 
slightly less than one month to over two 
months. The first samples were taken 
October 8, 1932, the last on September 
4, 1933. 

As a background for the repeated sta- 
tions, a series of samples extending from 
the mouth of the Merrimac River at 


* Contribution No. 350, Woods Hole 
Oceanographic Institution. 


Plum Island southwards to Coffins Beach 
was collected in the fall of 1932 and the 
spring of 1933. 

The writer wishes to acknowledge his 
indebtedness to Prof. P. E. Raymond and 
to H. C. Stetson for their interest in the 
problem and invaluable assistance in the 
collection of the samples. 


DESCRIPTION OF AREA 


The general area with the positions 
of the repeated stations marked “A,” 
“B” and “C” is shown by Figure 1. 
Between Coffins Beach and the inlet sep- 
arating it from Ipswich Beach the shore 
is composed of granite. Otherwise the 
entire stretch from the northerly end of 
the area to Coffins Beach is sandy. At 
the southern end of Plum Island a cliff 
about 10 feet above high tide and nu- 
merous boulders on the beach mark the 
landward remnant of a drumlin. Across 
the inlet at Ipswich and immediately to 
landward of Station ‘‘A,” there is a well 
developed sea cliff in a large drumlin. 
The vegetation indicates that little or 
no cutting was in progress at the time of 
the study. With these exceptions the 
beach is bordered by low dunes. Back 
from the shore there are dunes as high 
as 30 feet on Plum Island, 60 feet at 
Ipswich, and 80 feet at Coffins Beach. 
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A sample from each division is recorded 
in Figure 2 below. 

The beach at the northern limit of 
the sampling is narrow, measuring 75 
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Height of tide for the region is about 8 
feet. 

The Coast and Geodetic Survey charts 
for the region show a shallow foreshore 
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feet from the dune line to the low water 
mark, with slopes of 6 to 8 degrees. On 
Ipswich Beach the width has increased 
to nearly 500 feet with slopes slightly 
over 2 degrees. Coffins Beach has gentle 
slopes comparable to those at Ipswich. 


Fic. 1.—Portion of Massachusetts coast showing location of beach samples. 
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off Plum Island which continues south- 
ward to Coffins Beach. One and two foot 
shoals (mean low water) are indicated 
off Ipswich and 5 and 6 foot spots off 
Plum Island and Coffins Beach. The 
shoal water is indicated by breaking 
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waves even with a moderate swell com- 
ing in. The ten fathom line is a mile 
offshore at the north end of Plum Island 
and two miles off Coffins Beach. 

Tidal scour has made, or preserved, 
depths of 30 to 40 feet in the inlet behind 
Plum Island and depths greater than 20 
feet in the channel in Essex Bay. Since 
these depths are found only where the 
channels are narrow, it appears that the 
tidal currents are not of importance as 
scouring agents in the open sea. 

From examination of Figure 1, the lo- 
cation chart, one would infer that the 
Castle Neck end of Ipswich Beach had 
been built southeastward from the drum- 
lin which is nearly opposite the southern 
end of Plum Island. Beyond the drumlin 
a succession of foredune ridges parallel 
the shore. Inland they are masked by 
higher and irregular dunes. Especially 
towards the end of the neck these dune 
ridges curve gently into the south away 
from the present beach. Thus a south- 
easterly growth is indicated for the beach 
as a whole. Bryan and Nichols (1) have 
found glacial till underlying some of 
these higher dunes. In spite of the fact 
that the neck is thus not entirely the 
result of wave and wind action, the evi- 
dence cited is believed sufficient to estab- 
lish southeasterly drift for the shore 
materials. On Plum Island and Coffins 
Beach such conclusive evidence is not 
available, but their general appearance 
does not contradict the conclusion that 
the net transfer of material by shore 
processes is in a southerly to southeast- 
erly direction. 

Figure 1 indicates that the beach is 
exposed to northeasterly storms, the 
most violent experienced in the region. 
Cape Ann shelters the southern part of 
it from easterly storms. During south- 
easterly storms the entire beach is within 
the lee of Cape Ann. 

The estuarine conditions of the Merri- 
mac and other rivers in the vicinity rules 
them out as suppliers of new material 
to the beaches at the present time. In 
combination with this fact the almost 
entire absence of cliff cutting means that 
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the beach is receiving essentially no new 
material from the land at the present 
time, with the single exception of loss 
entailed by the foredunes during storms 
accompanied by excessively high water. 
The original supply of material must date 
back to the close of glacial time. 


LABORATORY PROCEDURE 


Samples were collected by scooping up 
300 to 400 grams of sand a few feet below 
the swash marks of the last high tide, 
and at the waters edge. Collecting’ was 
done at the reported time of low tide 
for the area. 

In the laboratory the sand samples 
were washed free of salt, dried and quar- 
tered down to approximately 50 grams. 
They were then sieved for ten minutes 
on a mechanical shaker using screens of 
the Wentworth grade scale, openings 
2.0, 1.0, 0.5, 0.25, 0.125 and 0.062 mm. 
The resulting size fractions were weighed, 
percentages calculated and cumulative 
curves constructed. From these curves 
the first and third quartiles and the 
median were read. Following Trask (2), 
the coefficient of sorting, VQ1/Q3 and 
the log skewness, log (Q1 XQ3) /M? where 
Qliand Q3are the first and third quartiles, 
respectively, and M the median, were 
calculated. 


MECHANICAL ANALYSES—PLUM 
ISLAND TO COFFINS BEACH 


In Figure 2 the median diameter and 
coefficients of sorting and skewness for 
the samples have been plotted against 
distance along the beach, from the mouth 
of the Merrimac River to Coffins Beach. 
At the northerly end of the series the 
high tide median is about 0.70 mm. To- 
ward the southerly end of Plum Island 
the median decreases rapidly, reaching 
a value of 0.21 mm. at the last station 
at which a high tide sample was taken. 
The decrease at low tide is somewhat 
more regular. The largest value, at the 
mouth of the Merrimac, exceeds 1.0 mm., 
the smallest, at the extreme southern 
end, is less than 0.2 mm. 

Improvement in sorting parallels the 
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TABLE 1. Plum Island-Ipswich-Coffins Beach 


High Tide 
Millimeters 
la «69.53. —.02 
2a — 
3a -53 1335 -00 
4a 89 .71 .36 1.30 —.03 
Sa «1.33 —.03 
62 .85 .62 .41 1.45 —.04 
7a 32, «11.22 —.01 
9 49 .37 .25 1.41 —.05 
10a 36.27) 1.38 —.03 
Low Tide 
2b -74 59 42 1.34 —.04 
6b 6 Bis 
7b -41 24.29 
251.30 —.01 


13b 17 1.22 —.02 

14b 19 16 1.19 —.02 

15b <20 19 16 1.19 —.02 
Dune 

5c .40 25 1.28° —.03 

10c 18 1.26 00 

15c 19 16 1.18 —.01 


decrease in median, but no trend is evi- 
dent in the skewness values. The pre- 
vailing negative values indicate that the 
mode, or peak of the frequency curve, is 
on the coarse side of the median. The 
decreasing medians are believed to be 
the result of selective longshore trans- 
portation of the finer grains along each 
beach section. These finer grains are able 
to remain on the beach to leeward be- 
cause the environment becomes increas- 
ingly moderate to the south and east 
due to the protection afforded by Cape 
Ann. Sand is presumably carried from 
segment to segment via overlapping 


MARSHALL SCHALK 


underwater spits. On one visit to Ipswich 
the swash marks between mid and high 
tide were marked by scattered coarse 
red stained quartz grains. These large 
red grains appeared identical with the 
red grains on Plum Island. The finer sand 
normal to Ipswich is mainly white quartz 
and free from stain. 


TABLE 2. [pswich—Repeated Stations, 1932- 
1933. High tide samples precede low 


tide at each date 
Millimeters 
Station A 
Oct. 8 34 BY 2.27. = 
jan, .24 48 .00 
Feb. 1 28°: .09 
.38 28 -03 
-44 .34 25 1.33 —.02 
May 1 17 1.44 .09 
23 1.30 —.06 
1.29 —.05 


Station B 
Feb. 1 cae -24 ae: -00 
Mar. 18 .35 .26 26. 4232 .02 
.30 “136 .05 
May 1 26 1.235: 
-61 -43 .27 1.50 —.05 
Sept. 4 we aa -18 1.40 .09 
42° AS: £23 
Station C 
Oct. 8 -01 
01 
28 1.40 -05 
Feb. 1 18 1.39 -04 
Mar. 18 .24 18 1.37 .03 
May 1 18 1.35 —.02 
June 18 36. 1) 
-41 23 1.34 —.06 
Sept. 4 .42 .30 .22 1.38 .00 
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The decrease in median values in the 
direction of drift is comparable with 
cases described by Pettijohn and Ridge 
(3) for a short beach in Lake Erie, and 
by the Beach Erosion Board (4) and 
MacCarthy (5) for certain sections of 
the Atlantic Coast between Long Island 
and Chesapeake Bay. 

On the plot against distance, Figure 2, 


graph resulting from plotting the median, 
sorting and skewness against time in 
Figure 3 portrays the data in what is 
probably the clearest manner for discus- 
sion. It is to be noted that the ordinate 
scale is large in relation to the time or 
abcissa to separate, insofar as possible, 
small differences in the plotted points. 


Station A.—In following through the 
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Fic. 2.—Median diameter, and coefficients of sorting and skewness plotted against distance, 
Plum Island to Coffins Beach. 


samples from dunes backing each seg- 
ment of the beach have been shown. As 
would be expected since the beach is the 
source of the sand, the median decreases 
and the sorting improves, in the direc- 
tion of beach drift. Microscopic examina- 
tion reveals no difference in angularity 
of grains of comparable sizes at the three 
stations. 


CHANGES AT INDIVIDUAL STATIONS 


The medians, quartiles and coefficients 
of sorting and skewness of the 40 samples 
comprising the repeated group are pre- 
sented in Table 2. In Table 3 the data are 
condensed by listing the maximum aver- 


age and minimum values for the median, 
sorting and skewness. However, the 


medians for Station A it is seen that the 
high tide median is smaller than the low 
except on June 18 when the high tide 
reached its maximum, 0.33 mm. In spite 
of this exception there is a definite paral- 
lelism between the high and low plots. 
The average difference between high and 
low tide medians for the same date is 
0.06 mm. 

At three out of the seven sampling 
dates the high tide sorting is poorer than 
at low tide. This lack of any regular 
difference indicates that the particular 
environment at this station does not 
always produce a markedly better sort- 
ing at high tide than at low. 

The skewness likewise is irregular 
with the high tide showing changes, 
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especially in February and May, which 
are not reflected in the low tide value. 
It may be noted that in both months the 
medians retained an average spread with 
the low tide substantially coarser. 
Station B.—Values for this station be- 
gin in January. The high tide median is 
remarkably uniform with maximum 
value of 0.27 and minimum of 0.23 mm. 
At all sampling dates the low tide median 
is coarser, the graphs showing well 


cates some parallelism with time. Unlike 
Station B, however, the sorting is not 
always poorer at low tide, being from .03 
to .05 better than high at three of the 
sampling dates. 

The skewness shows a parallel plot 
with the low tide first showing positive: 
values then ‘‘crossing’”’ to the negative 
side of the high tide curve. 

At individual stations one may there- 
fore conclude that on the basis of the 


TABLE 3. Ipswich—Repeated Stations. Maximum, Average and Minimum Values 


Sta- Median 


Sorting log Skewness 


tion Max. Av. Min. 


Millimeters 


High Tide : 
Low Tide 36.33 
High Tide 

.36 


High Tide 34 
Low Tide .29 


marked parallelism. The curve for the 
sorting shows that up to the last sam- 
pling the low tide sampling has the poorer 
value. The worst sorting at low tide 
coincides with the maximum median 
(June). 

Although the skewness curves cross 
each other twice, the high and low tide 
stay much closer to each other than do 
the corresponding curves at Station A. 
It thus appears entirely justifiable to 
state that a parallelism of trend is indi- 
cated. 

Station C.—At this station the median 
curves show a distinct parallelism. With 
a variation in median from 0.24 to 0.34 
mm. at high tide and from 0.22 to 0.37 
mm. at low tide, the greatest spread be- 
tween high and low tide is 0.05 mm. (high 
tide 0.25, low 0.30 mm., May 1). It is 
to be noted that at one sampling the high 
tide median equals the low and that at 
two other times it is 0.02 mm. smaller 
than the low. 

The plot for the sorting likewise indi- 


median curve, and to a lesser extent the 
skewness and sorting curves, if conditions 
change between samplings, both high and 
low tide samples tend to change in the 
same direction. 


COMPARISON WITH TIME 


Median—How well a change from 
sampling date to sampling date at one 
station is reflected in changes at the 
other stations is similarly shown by the 
curves as a whole. In the plot for the 
medians the tendency to “swing” to- 
gether is well shown. Between the first 
and second samplings three of the four 
available values all increase. Between the 
January and the February samplings five 
samples show a decrease. This marked 
decrease in median is presumably due to 
the heavy winter storm which occurred 
a few days previous to the collection of 
the samples. The extreme high tide al- 
lowed the waves to cut into the shore 
dunes, thus furnishing the beach with a 
plentiful supply of finer material. The 


19 1.44 1.34 1.27 09 02 —.05 
.28 . 1,31 08 —.01 — .06 
.30 1.50 1.40 1.28 -05 -00 — .05 
can 1.41 1-35 1.30 .13 — .06 


STUDY OF TEXTURAL 


March sampling shows a general in- 
crease, and May a decrease. June shows 
an increase and the final sampling either 
a general decrease or a steady situation. 

Comparison of the different sorting 
curves indicates that just as at individual 
stations there is more variation between 
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of the plotted points at the February and 
March dates, and the trend for May-— 
June followed by all except Station A, 
high, and Station B, low. From June to 
September Station B, low is the only 
curve that fails to follow the grouping. 
It should, therefore, be safe to conclude 
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Fic. 3.—Median diameter, and coefficients of sorting and skewness at repeated 
stations plotted against time. 


successive sorting values, than between 
successive median values, there is less 
parallelism evident than was the case 
with the median curves. There are never- 
theless definite changes in the same direc- 
tion, with only one to two samples failing 
to follow the general trend. Examples are 
the increase in 3 of the 4 samples be- 
tween October and January, the crowding 


that there is definite tendency for the 
sortings to change in the same direction 
with successive samplings. 
Skewness.—With clearly obvious ex- 
ceptions, chiefly Stations A, high and C, 
low in February, possibly Station B, low 
in March and May, and A, high also in 
May, the graphed values of the skewness 
hang together very well. It should be 
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noted that the exceptions cited for Feb- 
ruary are relatively large, positive values. 
Since the sampling followed closely the 
cutting of the dunes, as referred to above, 
the mode should be definitely on the 
small side of the median, and therefore 
these variations may not be exceptions. 
The swing between the June and Sep- 
tember samplings is very uniform. Con- 
sidering the whole graph it appears that 
the skewness values follow each other 
better than do the sorting values. 

As demonstrated by the results of the 
February sampling, the cycle on this 
beach, with a plentiful supply of dune 
sand available to the waves in major 
storms, is very different from that on 
certain other beaches. For example, when 
Raymond and Stetson! attempted to 
samp!e Duxbury Beach on Massachu- 
setts Bay at regular intervals, the first 
big storm in the fall removed all the sand 
from the beach leaving mainly cobbles 
and coarse gravel. By the following sum- 
mer, the beach had become sandy again. 
Marshall (6) found that after a heavy 
storm, the sand on a New Zealand beach 
was considerably coarser. The 0.149 to 
0.074 mm. grade size decreased from 
25.9 per cent to 5.0 per cent. The 0.177 
to 0.149 mm. grade decreased from 31.9 
to 15.6 per cent. The next two larger size 
grades, to 0.297 mm. showed increases. 
He states that during calmer weather 
sand larger than 0.149 mm. gradually 
returns to the beach. Severe storms do 
not give this beach access to ‘‘new’’ ma- 
terial as is the case at Ipswich. Likewise 
conditions at Ipswich are very different 
from those on the outer beach of Cape 
Cod where the waves receive, within the 
cliff-backed section, large amounts of 
material ranging in size from clay through 
sand and gravel. Samples taken a year 
apart showed a general uniformity: of 
trend in spite of cliff retreat amounting 
in places to 30 feet the winter preceding 
the first sampling and essentially no cut- 
ting during the intervening winter (7). 


1 Personal communication. 
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CONCLUSIONS 


Sampling of three stations on the same 
beach, each with high and low tide 
samples, was repeated 6 times at one 
station and 7 times at the other two. The 
entire experiment covered slightly under 
eleven months. New material was avail- 
able to the waves in the form of dunes 
which were cut only during periods of 
excessively high water. A plot of the 
medians, varying between the extremes 
of 0.19 and 0.43 mm. demonstrates that 
as the median at one location increases or 
decreases, the others tend to parallel its 
change. Stations which have the high 
tide median considerably smaller than 
the low preserve this relationship at sub- 
sequent dates despite absolute changes 
in value. Conversely stations with small 
difference between high and low show a 
small order of difference through the 
period of sampling. Thus plots of the 
median against time are approximately 
parallel, even though absolute values are 
greater or smaller. 

On a beach of this general type a single 
high and low tide sampling at each sta- 
tion should show approximately the same 
range of difference between successive 
medians along the beach, and the same 
trend as would the average of a large 
number of repeated samplings. 

To a lesser degree the coefficients of 
skewness and sorting also tend to change 
in unison with time. The fact that the 
medians change much more regularly 
adds support to the view that the median 
is the one most important characteristic 
of a clastic sediment. It is obviously 
better to base conclusions on the least 
variable characteristic. 

The repetition of sampling illustrates 
the tendency to return to ‘‘normal” or 
to the equilibrium for the beach. Excep- 
tional conditions, such as the storm 
which spread finer dune sand over the 
beach, reduce the median. Yet by the 
time the next samples were taken, the 
beach had returned approximately to 
the median values which preceded the 
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storm, The medians for the June sam- 
pling are somewhat larger than the aver- 
age. However, by the time of the Sep- 
tember sampling, the values are back in 
the normal range. Thus we see, in addi- 
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tion to the important parallelism of 
change, the cyclical aspect of the return 
after each major disruption, to the char- 
acter determined by each particular en- 
vironment. 
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ABSTRACT 


Weathered gravels and sands that can be cut easily with a knife form impressive deposits 
of Eocene, Miocene, and early Pleistocene age in Oregon and Washington. The deposits are 
believed to be profiles of weathering developed at or near the surface and are derived mainly 
from quartz-free fragments, chiefly from basalts and andesites, which had been deposited b 
streams. The minerals of the weathered gravels and sands include: kaolinite-halloysite, beidel- 
lite-nontronite, montmorillonite, gibbsite, iddingsite, siderite, ilmenite, limonite, vivianite, 
celadonite, feldspars, quartz, muscovite and minor amounts of others. No apparent change in 


volume accompanied 


the change of the original silicate minerals in the pebbles, cobbles and 


boulders to clay minerals. Chemical and petrographic observations indicate that readjustments 
by the clay minerals formed in the rounded fragments and matrix were accomplished with the 


preservation of outward shapes and textures of the original rock fragments. 


INTRODUCTION 


Gravels that can be cut with a knife 
as easily as cheese occur in Oregon and 
Washington. Outwardly the gravels look 
firm and fresh, but their appearances are 
deceptive, for they are completely altered 
to clay minerals. The change of the min- 
erals and glass composing. the original 
rocks of the gravels was accomplished 
with complete preservation of the out- 
ward shapes and the textures of the rock 
fragments and with no apparent change 
in volume. It is only after one has cut 
through several of the pebbles and 
cobbles with a knife or spade that their 
soft, weathered nature is convincingly 
demonstrated. 

Weathered gravels in Oregon were de- 
scribed by Treasher in connection with 
his investigation of refractory clays in 
Western Oregon (Wilson and Treasher, 
1938). During the 1942-45 investigation 
of high-alumina clays by the Geological 
Survey, U. S. Department of the Inte- 
rior, weathered gravels and sands ranging 
in age from Eocene to Quaternary were 
observed in Oregon and Washington. 


* Published by permission of the Director, 
Geological Survey, U. S. Department of the 


Interior. 


Cores obtained during the drilling of 
projects conducted jointly by the Bureau 
of Mines and Geological Survey, U. S. 
Department of the Interior, offered un- 
usual opportunities to correlate varia- 
tions in alumina content with depth of 
sample and with the kind of parent rock 
present. Petrographic and X-ray deter- 
minations have indicated the mineralogic 
composition of typical specimens. The 
purpose of this paper is to record the 
mineral and chemical composition of 
these weathered gravels and sands as 


well as observations relating to the origin 
of these unusual rocks. 


WEATHERED BRECCIA, NEAR CASTLE 
ROCK, WASHINGTON 


A weathered, water-laid breccia under- 
lies the clay bodies in several drill holes 
at the Cowlitz high-alumina clay de- 
posit (Sec. 18, T. 10 N., R. 1 W.) approxi- 
mately 7 miles north of Castle Rock, 
Cowlitz County, Washington (Nichols, 
1943). Rounded fragments at the top of 
the breccia are weathered to a soft clay 
that can be cut with a knife but the 
pebbles 10 or more feet lower in the sec- 
tion are hard and firm. This relation sug- 
gests that weathering of the water-laid 
breccia took place after the deposition 
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of the breccia fragments and before the 
deposition of the overlying sedimentary 
clays and overburden which together 
total 60 or more feet (Allen and Nichols, 
1943). The chief clay mineral formed by 
weathering of the breccia fragments is 
montmorillonite (Allen, 1946). Many of 
the breccia fragments were originally a 
moderately silicic vitric tuff and relict 
pumiceous textures of the volcanic glass 
were retained during its alteration to 
montmorillonite (fig. 1a). The available 
alumina! decreases gradually from 17 
per cent at the top of the breccia to less 
than 7 per cent at a depth of 27 feet (fig. 
2). This progressive decrease in decom- 
position with depth suggests that a pro- 
file of weathering was formed when the 
breccia was exposed at the surface. 
Sedimentary clays composed of mont- 
morillonite, beidellite-nontronite and kao- 
linite with some siderite, limonite and 
vivianite rest on the eroded surface of 
the weathered breccia. Some of the clay 
was deposited by streams as sand and 
silt size fragments of rocks, chiefly ande- 
sites, that retain the textures of the orig- 
inal rocks from which the clay was de- 
rived (fig. 1b, c). Some of the refractory 
clay was deposited as kaolinitic clay pellets 
(fig. 1d) surrounded by organic material 


*The values for the available alumina 
stated in this paper are given through the 
courtesy of the Bureau of Mines, U De- 

rtment of the Interior. Available akcitinn 
is defined as the percentage of alumina that 
can be extracted with 20 per cent H2SQ, from 
the clay after heating it to 700° C. It is based 
on the weight of the clay dried at 130° C. For 
a clay to be considered a high-alumina clay 
ore, it should contain more than 20 per cent 
available alumina. 

Available alumina values should not be 
used to compare the degree of weathering of 
the rocks at one locality with that of other 
rocks without a knowledge of the component 
clay minerals, because the percentage of avail- 
able alumina varies with the clay minerals 
present. Montmorillonite not only has low 
total alumina but also less than a third of the 
total alumina is available or soluble after the 
clay has been calcined at 700° C. On the other 
hand, kaolinite and beidellite-nontronite not 
only have relatively high total alumina but 
also 85 to 100 per cent of it is available. 


and fine clay. The relations indicate that 
these clays were formed from aluminous 
rocks outside of the Castle Rock area 
under conditions of thorough drain- 
age and leaching and deposited with 
a pellet structure in association with lig- 
nite (Allen and Nichols, 1945). Altera- 
tion of some sands in place after their 
deposition is indicated by the formation 
of gibbsite at the edges of and cutting 
the grains (fig. 1b, c). No break in the 
sedimentary clay sequence is apparent 
in the field. Twoexplanations of the gibb- 
sitic zones in these clays seem possible. 
Surface weathering may have altered 
some grains to gibbsite during an inter- 
ruption in sedimentation, and later dep- 
osition was resumed without leaving a 
trace of the time interval involved in the 
weathering. Or, open structures in the 
clay may have provided somewhat per- 
meable zones along which ground water 
diffused and carried organic acids that 
leached silica and deposited gibbsite. 
Regardless of which alternative is fav- 
ored, at least two periods of weathering 
are indicated at the Castle Rock deposit. 
During one period the top of the breccia 
was weathered and later on sedimentary 
clays 20 to 30 feet higher in the same drill 
hole were altered to gibbsite. The best 
available evidence on the age of the Cow- 
litz high-alumina clay deposit indicates 
that it is probably late Eocene but it may 
be early Oligocene (Nichols, 1945; 
Weaver, 1945). The accumulation and 
weathering of the water-laid breccia and 
the overlying sands at this deposit were 
probably completed during the Eocene 
period. Thus, it is the oldest known oc- 
currence of weathered sands and water- 
laid breccias in Oregon and Washington. 


WEATHERED GRAVELS NEAR 
MOLALLA, OREGON 


Weathered gravels and sands belong- 
ing to several intervals of weathering 
occur at the Molalla high-alumina clay 
deposit (Sec. 22, T. 5 S., R. 2 E.), about 
3 miles southeast of Molalla, Clackamas 


County, Oregon (Nichols, 1944). 
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Fic. 1.—Photomicrographs of the weathered water-laid breccia and sands at 
Castle Rock, Washington. 


a. Pumice fragment (M) altered to montmorillonite in the water-laid breccia. Available 


alumina 5 per cent. X90. 


. Grains of volcanic rocks altered to kaolinite (K). Gibbsite (G) formed along the edges of 
grains, Available alumina 42 per cent. X90. 

. Grains of volcanic rocks altered to nontronite (N). Gibbsite (G) formed along the edges 
of grains. Available alumina 30 per cent. X90. 

. Kaolinite pellets (K) surrounded by fine clay and organic material. Available alumina 


32 per cent. X90. 


The oldest of the weathered gravels 
lies 40 or more feet below the surface 
in the lower clays that have been as- 


signed by Dr. Beverly Wilder to the 
early Miocene (J. E. Allen, 1942). One 
deposit of weathered gravel (fig. 2) main- 
tains an available alumina content be- 
tween 30 and 33 per cent throughout a 
thickness of 24 feet. The available alu- 
mina content of the upper 9 feet is higher 
than that in the middle or in the lower 
part of the deposit. Three zones of altera- 
tion are recognized in the lower clays and 
are believed by Nichols (1944) to repre- 
sent three distinct profiles of weathering. 


The chief clay minerals of the Miocene 
weathered gravels and sands are halloy- 
site and kaolinite. Small amounts of mont- 
morillonite, beidellite-nontronite, gibb- 
site, quartz, feldspars, celadonite, sider- 
ite, limonite, zircon and other minerals 
are present. 

Weathered gravels and sands veneer 
the surface of the upper terrace cut by 
the Molalla River; these were penetrated 
by many drill holes during the explora- 
tion of the high-alumina clay deposit near 
Molalla (Nichols, 1944). Some of the 
gravel is weathered to a soft clay that 
contains 26 per cent available alumina in 
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the upper 8 feet, 24 per cent available 
alumina at depths from 8 to 16 feet, 20 
per cent from 16 to 24 feet and 5 per 
cent from 24 to 30 feet (fig. 2). The chief 
clay minerals of the weathered terrace 
gravels and sands are halloysite-kaolinite 
and beidellite-nontronite. Montmorillo- 
nite, gibbsite, limonite, feldspars and 
quartz are also present. Apparently some 
grains were already altered when they 
were deposited, because in the same thin 


the development of a deep profile of 
weathering on it, because the clay min- 
erals present, the parent rocks and the 
climatic conditions were the same for the 
upper and lower terraces. 


FRANSEN CLAY DEPOSIT NEAR 
MAYGER, OREGON 


The Fransen clay deposit (NEi 1, sec. 
33, T. 8 N., R. 3 W.) is located in Colum- 
bia County, Oregon, about 3} miles 
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Fic. 2.—Shows the progressive decrease in alumina with depth in the weathered gravels at 
Molalla, Oregon, and in the weathered water-laid breccia at Castle Rock, Washington. 


section some grains are composed of 
montmorillonite retaining the structure 
of volcanic glass and adjacent grains are 
well-formed books of kaolinite. Also, rock 
fragments with fresh plagioclase are 
present in the same field of view with 
sharply bounded fragments that are 
completely altered to gibbsite. The best 
available evidence indicates that this 
profile of weathering developed on the 
surface of the upper terrace near Molalla 
is of Early Quaternary age. 

Gravels of the lower terrace of the 
Molalla river (fig. 2) are only slightly 
weathered below the surface. The avail- 
able alumina content from the surface to 
a depth of 23 feet is only 10 per cent and 
below that depth it is only 5 per cent. 
Apparently, sufficient time was lacking 
after the lower terrace was cut to permit 


southeast of Mayger and about 50 miles 
northwest of Portland, on the south side 
of the Columbia River. 

Treasher (Wilson and Treasher, 1938) 
described the deposit and gave the fol- 
lowing vertical section: (a) At the top 3 
feet of soil and impure clay; (b) 123 feet 
of blue-gray and white clay (weathered 
gravel); (c) 2 feet quartzose sand and 
clay; (d) 14 feet gray clay (weathered 
gravel); (e) weathered basalt. Chemical 
analyses of the weathered gravel ((b) 
and (d) of the above section), made 
by Lerch Brothers, Inc. (Wilson and 
Treasher, 1938, p. 84) are shown in table 
1, columns 1 and 2. The gravels are com- 
posed of rounded fragments ranging in 
diameter from 1 to 8 inches. The original 
igneous pebbles that are termed felsites 
are altered to clay but retain their orig- 
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Fic. 3.—Weathered pebbles and cobbles from the weathered gravel at Logan Hill, about 6 
miles southeast of Chehalis, Lewis County, Washington. 


A. A weathered breccia that has been cut with a knife to ex 


se the rim of iron oxide stains 


and the many colored breccia fragments of the cobble altered to clay minerals. 

B. A weathered porphyry in which white areas were feldspar phenocrysts now altered to 
kaolinite-halloysite. Some of the matrix is left attached on the right of the cobble. 

C. A weathered pebble derived from an olivine basalt. It contains iddingsite, halloysite- 


kaolinite and beidellite-nontronite. 


inal shape. In some pebbles textures 
and color are preserved; in others the 
cream colored clay is structureless. Re- 
sistant metamorphic rocks, chiefly quartz- 
ites, have remained unaltered. The feld- 
spars of the matrix inclosing the pebbles 
have been changed to clay and provide 
the plastic binder that holds together 
quartz and mica grains. Ceramic tests on 
the clay that composes the weathered 
gravels indicated fusion temperatures 
ranging from cone 30 to 32 (P. C. E.). 
The age of the weathered gravel is stated 


as probably post-middle Miocene and 
pre-glacial. 

A sample of weathered gravel collected 
by Nichols from the Fransen pit and 
dried at 130° C. contained: 21.2 per cent 
available alumina, 2.1 per cent available 
Fe.O3 and 8.0 per cent ignition loss at 
700° C. The chief clay minerals in the 
weathered gravels and in the underlying 
weathered basalt are halloysite-kaolinite 
formed from feldspars, and small amounts 
of beidellite-nontronite formed from au- 
gite, iddingsite and basaltic glass (Allen 
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and Scheid, 1946). Many of the gray 
weathered pebbles retain relict lath 
shaped outlines of plagioclase now altered 


to halloysite-kaolinite and black plates | 


of ilmenite. The texture and minerals of 
the weathered pebbles resemble those in 
samples of the underlying weathered 
basalt 6 feet below the contact with the 
weathered gravels. Some of the gray 
pebbles contain tiny grains of iddingsite 


bles are altered to soft clay composed of 
halloysite, kaolinite and beidellite-non- 
tronite. Some of the rock fragments were 
originally breccias, porphyritic volcanic 
rocks and basalts that contained small 
grains of iddingsite. A few pebbles of 
quartzite and rocks composed of musco- 
vite, quartz, and kaolinite are also pres- 
ent. Many of the cobbles are surrounded 
by a rim, 1 to 2 mm. wide, stained with 


Fic. 4.—Weathered gravel exposed along a road cut, one quarter mile southwest of Eutalla, 
Cowlitz County, Washington. Photograph by R. R. Shrock. 


that forms from olivine (Ross and 
Shannon, 1925) in some olivine basalts. 
Therefore, many of the pebbles and 
cobbles were fragments of basaltic lavas 
before they were weathered. The quartz 
and muscovite grains that are present in 
the sands and in the matrix and also the 
quartzite pebbles were derived from 
igneous or from metamorphic rocks. 


CHEHALIS WEATHERED GRAVEL, 
LOGAN HILL, WASH. 


Weathered gravels underlie Logan Hill 
(SE3, Sec. 5, T. 13 N., R. 1 W.), about 
6 miles southeast of Chehalis, Lewis 
County, Washington. Pebbles and cob- 


iron oxides that can be seen best when a 
flat surface has been cut with a knife 
(fig. 3). Textures and colors of the breccia 
fragments are preserved. The available 
alumina content of one sample was 24 
per cent. This deposit covers several 
square miles and probably is a high ter- 
race of early Pleistocene age. 


OTHER OCCURRENCES OF 
WEATHERED GRAVELS 


Weathered gravels are exposed along 
the north side of the road about a quarter 
of a mile southwest of Eutalla, Cowlitz 
County, Washington (fig. 4). This weath- 
ered gravel is composed of basaltic rocks, 
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overlies a fine-grained lava flow and ap- 
pears to be overlain by dense basaltic 
rock (Shrock, 1946). This locality is 
shown in the northeast rectangle of the 
Clatskanie quadrangle by the Corps of 
Engineers, U. S. Army. 

Weathered gravels, which are part of 
an old, high terrace, are exposed at the 
Fern Ridge damsite on the McKenzie 
River, 18 miles northwest of Eugene 
(Wilson and Treasher, 1938). W. E. 
McKitrick observed that the gravel 
above permanent ground water level is 
completely altered but it becomes firm 
and hard below ground water level. This 
relation is interpreted by Treasher (Wil- 
son and Treasher, 1938, pp. 18 and 22) 
as indicating that alteration of the gravel 
was accomplished by descending ground 
water. The clay minerals of the weath- 
ered gravels, which contain many altered 
basaltic rocks, are halloysite-kaolinite 
and beidellite-nontronite. Small grains of 
iddingsite partly altered to nontronite 
occur in many of the gray colored, 
altered pebbles, cobbles and boulders. 

Weathered grave) is reported by 
Treasher (Wilson and Treasher, 1938, p. 
61) occurring in road cuts 0.8 mile north 
of Sublimity, Marion County, Oregon, 
along a paved road (NW3, SES, Sec. 27, 
T. 8 S., R. 1 W.). His analysis of the 
weathered gravel is given as No. 3, table 
1. The weathered gravel appears to over- 
lie basalt that is exposed in the channel 
of Upper Beaver Creek 0.2 mile to the 
north. 

Occurrences of weathered gravels out- 
side of Oregon and Washington have been 
observed. The upper few feet of a 30 to 40 
foot bed of gravel is decomposed, but 
the lower part is fresh and fills the chan- 
nel of an Eocene stream at the Cherokee 
hydraulic mine, 12 miles north of Oro- 
ville, California (Lindgren, 1911). The 
alteration of the greenstone boulders is 
confined to one bed and was accomp- 
lished by weathering during that stage 
of the stream history when the lower part 
of the channel was filled with 30 or 40 
feet of coarse boulders. The lower gravels 
are cemented together by silica released 
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during the decomposition of the upper 
gravels and the adjacent bedrock ‘“‘rims”’ 
of the valley (Allen, 1928). 

Cobble altered to kaolinite has been 
described occurring in the Woodbine 
formation of Cretaceous age by Ross, 
Miser and Stephenson (1932). They con- 
cluded that weathering of the cobble took 
place before deposition, because altered, 
partly altered and fresh phonolite cobbles 
were present side by side in the same bed. 


- ORIGIN OF THE WEATHERED 
GRAVELS AND SANDS 


The gravels and sands described in 
this paper were deposited by streams, 
probably during the Eocene, Miocene, 
Pliocene and early Pleistocene. The high 
terrace deposits near Molalla, Mayger, 
Chehalis and the Fern Ridge damsite 
were deposited by streams that were flow- 
ing at higher levels and with greater 
volumes than those of the present 
streams. Cobbles and boulders 3 to 8 
inches in diameter could not be trans- 
ported in a soft, weathered condition, 
because a stream flowing at a velocity 
great enough to carry them would break 
many of them as they hit against each 
other or the valley wall. Scarcely any are 
broken, so the rounded shapes of the 
gravels are evidence they were hard and 
firm at the time of deposition and later 
clay minerals were formed from them. 
Some of the sand and silt size fragments 
were altered before deposition, but these 
possessed adequate toughness to with- 
stand transportation at the velocities 
sufficient to move silt and sand size 
particles. Some of these were broken and 
abraded; others, such as the pellets, were 
flattened and molded against grains, in- 
dicating they were deposited as clay 
fragments with some plasticity. 

Decrease in decomposition with depth 
(fig. 2) supports the belief that the 
gravels were altered in place after their 
deposition. Their occurrence at the sur- 
face or at what may have been the surface 
in the past as well as their mode of altera- 
tion suggest they are profiles of weather- 
ing formed by weathering agents operat- 
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ing at or near the surface. The alteration 
of their silicate minerals to clay minerals 
resembles the development of the weath- 
ered zones on the glacial deposits of 
Illinois (Leighton and MacClintock, 
1930; Allen, 1930). The chief differences 
between the weathered gravels and sands 
of Oregon and Washington and the 
weathered zones of the glacial deposits of 
Illinois are related to the parent ma- 
terials and to the conditions of weather- 
_ing. 

The composition of the parent rock 
fragments of the gravels played an im- 
portant part in the weathering which 
formed these impressive deposits. The 
weathered gravels, which can be cut 
easily with a knife, are composed of 
rocks without any visible quartz grains. 
Quartz is a resistant mineral to solution, 
so the original rock fragments in the 
gravels were probably free from quartz. 
Moreover, petrographic study shows that 
basalts, andesites, and other igneous 
fragments formed a high percentage of 
the components of the weathered gravels. 
The small percentage of quartzite and 
quartz in the metamorphic and igneous 
rock fragments has survived the altera- 
tion that changed most of the water- 
rounded fragments to clay. Thus, the 
ratio of quartz-free_ to quartz-bearing 
fragments largely determined how much 
clay was formed as well as the ease with 
which a knife or spade would penetrate 
the altered gravels. 

The kind of clay minerals formed in a 
rock depends on: the parent materials, 
the physical conditions controlling the 
reacting solutions, and the chemical sys- 
tem in which the clay minerals are 
formed. If we can judge from the presence 
of ilmenite, iddingsite and from other 
evidence, many of the rock fragments in 
the gravels were originally of basaltic 
composition. The weathering of basaltic 
lavas and tuffs has been described re- 
cently (Allen and Scheid, 1946) and 
many of these observations appear to 
apply to the parts of the weathered 
gravel deposits that have been studied 
petrographically. Basaltic glass that com- 


poses basaltic tuffs, the glassy skin of 
pillow lavas, and the groundmass of some 
basalt iavas yields readily to alteration. 
Iddingsite and augite are also easily 
altered to nontronite. The formation of 
nontronite, beidellite and montmorillo- 
nite is favored by conditions of poor drain- 
age and the presence of alkalies, magne- 
sium and probably ferrous iron. In many 
drill holes at the Excelsior high-alumina 
clay deposit, Spokane County, Washing- 
ton, nontronite is confined to the lower 
poorly drained parts of the deposit, 
where locally some plagioclase is altered 
to nontronite-beidellite but most of it is 
fresh or only slightly weathered. Hosking 
(1940) found that montmorillonite clay 
minerals are formed in the basalts of 
Australia where waterlogging of the soils 
is apparent, but under conditions of good 
drainage kaolinite is formed from basalts. 
Nontronite, beidellite and montmorillo- 
nite have been synthesized under alkaline 
conditions (Noll, 1936; Ewell and Ins- 
ley, 1935). Montmorillonite and beidel- 
lite form under a wide range of conditions 
but most readily in the presence of mag- 
nesium (Ross, 1945), and are commonly 
derived from moderately silicic volcanic 
glass and more rarely from feldspars. 
Kaolinization of plagioclase feldspars 
starts in a basalt as soon as good drain- 
age conditions are established and when 
the bases are removed the chemical sys- 
-tem changes from alkaline to neutral or 
slightly acid. Migration or movement of 
clay minerals is favored by conditions of 
good drainage (Allen, 1945) and the pres- 
ence of dispersing agents. Nontronite- 
beidellite is carried along cracks and 
openings from the environment that pro- 
moted its development into a zone where 
temporarily it comes to rest. Later, some 
kaolinite-halloysite is carried along simi- 
lar openings and enters a zone where 
chemical conditions are not yet ready for 
its formation directly from the silicate 
minerals present. Meanwhile streams cut 
downward into the profile of weathering, 
relief is increased and conditions of drain- 
age are improved. As conditions of 
thorough drainage penetrate progres- 
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sively downward, neutral or slightly acid 
solutions invade lower depths and kao- 
linization of plagioclase takes place at 
levels where nontronite had formed early 
in the cycle. In the same specimen of 
some weathered gravels are beidellite- 
nontronite that requires poor drainage 
and alkaline or alkalic conditions for its 
formation and also halloysite-kaolinite 
that is formed under thorough drainage 
and acid or neutral conditions such as 
tended to remove bases from the system. 
Lag of minerals in their response to 
changing conditions and also migration 
of clay minerals from one environment 
to another are possible explanations of 
the apparent contradictory relationship. 
At the Excelsior high-alumina clay de- 
posit the formation of kaolinite-halloy- 
site is confined to the upper, well drained 
part of the deposit, whereas the drill 
cores from the lower part contain not 
only residual nontronite-beidellite but 
also transported nontronite-beidellite and 
kaolinite-halloysite carried downward 
from above. 

The change of the pebbles, cobbles and 
boulders to clay minerals was accom- 
plished without any apparent change in 
volume. Examination of good exposures 
shows no evidence of expansion or con- 
traction of the pebbles with respect to 
each other or to the matrix. Both the 
matrix and the pebbles at each deposit 
are composed of the same clay minerals 
so that adjustments caused by changes in 
composition were taken up by the de- 
posit acting as a unit. The situation is 
much the same as the alteration of a 
basaltic lava flow to clay minerals, such 
as the underlying weathered basalt at the 
Fransen deposit or the weathered basalts 
at the Excelsior high-alumina clay de- 
posit. Many of the pebbles in the weath- 
ered gravels were originally basalts so 
that observations on the weathering of 
basalts are applicable to this phase of 
the weathering of the gravels. In a 
weathered basalt, laths of plagioclase are 
altered to kaolinite-halloysite, but retain 
their shape and along with plates of 
ilmenite give to the weathered rock an 
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appearance suggesting that the original 
texture of the basalt has been retained. 
This is true to a certain extent and it is 
accomplished in this manner. The glassy 
groundmass and the ferromagnesian 
minerals alter first to nontronite, but the 
plagioclase laths and the ilmenite plates 
remain unaltered. With the removal of 
certain ions in solution and the migration 
of nontronite from the groundmass the 
firm plagioclase laths and ilmenite plates 
change their positions but retain their , 
shapes as compaction takes place. Later 
when the laths change to kaolinite- 
halloysite further adjustment is possible 
and necessary. There can be no doubt 
that the change of a basalt to clay in- 
volves removal of material. In table 1, 
No. 4 the average Al.O; of 161 basalts 
compiled by Daly is 15.85 per cent and 
the Al,O; of a typical basalt of the 
Columbia plateau in Washington, the 
Yakima basalt (No. 5), is 14.43 per cent. 
The Al,O; of the average basaltic clgy of 
the Excelsior high-alumina clay deposit 
(No. 6) and the Al,O; of the average 
weathered gravels (Nos. 1, 2, 3) listed 
in table 1 are each about 30 per cent. If 
the Al,O; of the basalt remains constant, 
it would require an increase in porosity 
or a compaction of about twice in volume 
to form a clay with 30 per cent Al.O3 
from the average basalt. Silica, ferrous 
iron, calcium, magnesium and alkalies 
would be lost during the process. Avail- 
able evidence exists that some alumina is 
probably lost during the alteration of 
basaltic glass to nontronite (Allen and 
Scheid, 1946) and that alumina may be 
removed by the migration of clay min- 
erals (Allen, 1945), so the concentration 
required is somewhat greater than two 
times. This is suggested by another 
method of approach. The average basal- 
tic clay of the Excelsior high-alumina 
clay (table 1, No. 6) has over 7 per cent 
of TiO: which is present as ilmenite. If 
the 7 per cent TiO. was concentrated 
from a typical or average basalt with 1.7 
or less per cent TiO, it would require a 
compaction of over 4 times. Many 
weathered basaltic pebbles are high in 
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ilmenite and probably contain more TiO, 
than that in the part of the deposits 
represented by the analyses of Nos. 1, 
2, 3, in table 1. If their ilmenite is wholly 
residual, a compaction of more than 
twice would be indicated. 

Perhaps, the most difficult process to 
visualize in connection with the weath- 
ering of these gravels is the retention of 
the texture of certain breccias. For ex- 


their structure. The process of replace- 
ment by clay minerals appears to be 
equally applicable to the problem of the 
preservation of the textures of the 
weathered gravels. 


CONCLUSIONS 


The weathered gravels of Oregon and 
Washington described in this paper are 
stream deposits, some of which are on 


TABLE 1. Analyses of Weathered Gravels, Basalts, and Basaltic Clays 


SiO, 63 .58 39.40 54.86 48.78 54.50 40.7 
Al,O3 25.58 39.82 30.38 15.85 14.43 30.9 
Fe203 2.39 6.68 4.36 5.37 2.17 8.7 
TiOz 0.13 0.32 0.15 1.39 1.69 te 
: MgO 0.29 0.14 0.56 6.03 4.24 0.0 
CaO 0.47 0.21 0.44 8.91 8.01 1.0 
Na,O 3.18 3.05 0.4 
K,0 1.63 1.29 0.3 
Ignition loss 8.00 13.28 9.73 _ _ 11.0 
Others .76 57 
Total 100.60 99.85 100.48 99.97 100.13 100.3 


Weathered gravel (b) at Fransen Pit, Mayger, Oregon. 
Weathered gravel (d) at Fransen Pit, Mayger, Oregon. 
Weathered gravel at Sublimity, Oregon. 1-3 after Wilson and Treasher, 1938, p. 84, 


Lerch Brothers, Inc., analysts. 


Yakima basalt, Clealum Ridge, Kittitas County, Washington. George Steiger, analyst. 


+ Average of 161 basalts. Daly, 1914, p. 27. 
6. 


Smith, W. 0., U. S. Geol. Survey Mount Stuart folio (No. 106), 1904, bs 8. 
An average basaltic clay at the Excelsior high-alumina clay deposit, Spokane County, 


Washington, Scheid 1945, pp. 1-66. 


ample, the original rocks of the cobbles 
shown as figure 3 retain many details of 
texture and color that are lost in the 
reproduction. We are accustomed to 
think of pseudomorphs being formed by 
replacement but we may overlook the 
possibility that the structure of rocks, 
minerals, and fossils may be replaced 
and preserved by clay minerals. Calcare- 
ous shells have been observed replaced 
by beidellite (Ross and Stephenson, 
1939) and by montmorillonite (Allen, 
1945, p. 266). Adjustments of volume 
relations were completed during the 
change of the calcium carbonate of the 
shells toclay minerals without destroying 


old, high terraces. Weathering of the 
coarse gravels before deposition is un- 
likely, because soft, weathered gravel 
would disintegrate under the impacts 
received during transportation. Weath- 
ering of the gravels after deposition was 
probably accomplished by agents of 
weathering operating at or near the sur- 
face to produce profiles of weathering, in 
which the alumina content decreases with 
depth (fig. 2.) This type of weathering 
was repeated in Oregon and Washington 
during the Eocene, Miocene and probably 
during the Pliocene and early Pleistocene. 
A variety of clay minerals was formed 
from the gravels that were composed 
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mainly of quartz-free volcanic rocks, 
chiefly basalts, andesites and moderately 
silicic vitric tuffs. Parent materials, 
drainage conditions and the nature of the 
chemical system influenced the formation 


boulders to clay was accomplished with- 
out apparent change in volume. Adjust- 
ments during mineral transformations 
were completed with the-preservation of 
the shape and textures of the rock frag- 


and migration of the clay minerals. The ments. 


alteration of the pebbles, cobbles and 
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EVIDENCE OF TEXTURE ON THE ORIGIN OF THE CHELTENHAM 
FIRECLAY OF MISSOURI AND ASSOCIATED SHALES 


W. D. KELLER 


University of Missouri, Columbia, Missouri 


ABSTRACT 


The Cheltenham fire clay of Missouri is relatively massive in structure while typical shale, 
exemplified by the Lagonda, is laminated. The microscopical texture of the Cheltenham fire 
clay is a pattern of clay minerals grown in random directions, whereas that of the associated 
shale is an oriented arrangement of clay-mineral flakes which lie parallel to the lamination. 

It is deduced that the Cheltenham fire clay was developed from redeposited weathered-soil 
clay and further hydrolyzed and dialyzed in nearly stagnant water of Pennsylvanian swamps. 
The crystals of the fire-clay minerals grew at random in this clay gel. Many shales, on the 
other hand, are believed to have been deposited directly after flocculation without a significant 
interim period of leaching. The clay floccule, having a flaky shape, settled to the bottom where 
countless other clay flakes in the same orientation gave rise upon compaction to a conventional 


laminated shale. 


Possibly these criteria may be extended more generally to other argillaceous rocks. 


STRUCTURE AND TEXTURE OF THE 
FIRE CLAY AND SHALE 

The structure and texture of rocks 
have long been used by petrologists in in- 
terpreting their origin, but these char- 
acteristics have probably been employed 
more in the study of igneous and meta- 
morphic rocks than in the sedimentaries. 
Little recognition has been given the 
striking structural and textural differ- 
ences between some fire clay and shale, 
two sediments of argillaceous type, or 
to the possible significance of these dif- 
ferences in the genesis of these rocks. In 
this paper the texture and structure of 
the Cheltenham (Pennsylvanian) plastic 
to semi-flint clay of Missouri is con- 
trasted with the same features of a typi- 
cal laminated Pennsylvanian shale and 
their significance discussed in relation to 
the origin of the rocks. 

Microscopic study of thin sections of 
the Cheltenham fire clay shows it to be 
made up of exceedingly fine particles of 
clay minerals, whose crystals or crystal 
aggregates lie in random directions some- 
what suggestive of the geometric pattern 
of the decussate micro-structure in ther- 
mally metamorphosed rocks (Harker, 
1932). The criss-cross orientation is 


shown more brilliantly (between crossed 
nicols) in- the plastic varieties of the 
Cheltenham, which contain an appreci- 
able quantity of a highly birefringent 
mineral, probably illite (Grim and 
Cuthbert, 1945), than in the kaolinite- 
rich flinty variety. In figure 1 is shown a 
photomicrograph of a thin section be- 
tween crossed nicols cut from semi- 
plastic Cheltenham fire clay. The random 
orientation is notable. In some sections 
short stringers of parallel orientation oc- 
cur but these are crisscrossed in the same 
section by other stringers at different 
angles so that a random effect in the 
aggregate is developed. Scores of thin 
sections of the Cheltenham have been 
studied by the writer over a period of 
more than ten years in connection with a 
variety of problems in the refractories 
industry, but none of them has shown the 
persistent and pronounced parallel tex- 
ture of the typical shale. 

In figure 2 is a photomicrograph of 
the Lagonda shale in thin section cut 
normal to the bedding and oriented in 
the 45° position between crossed nicols. 
Here the platy particles which make up 
most of the clay shale are essentially 
parallel to the bedding or lamination 
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Fic, 2.—Parallel orientation of clay minerals in Lagonda shale. Section cut normal to 
bedding, crossed nicols, 450 X. 


64 
: Fic. 1.—Random orientation of clay crystals in Cheltenham fire clay. Crossed nicols, 150. 
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layers of calcite and petroliferous clay 
icols not crossed, 450 X 


Uncrossed nicols, 
view as figure 2, n 


Fic. 4.—Same 
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Fic. 3.—Green River oil shale. Alternatin 
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Fic. 6.—Hand specimen of typical Cheltenham semi-plastic fire clay. Not laminated. 


a 
Fic. 5.—Typical bank of Cheltenham fire clay. 
il 
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Fic. 7.—Hand specimen of Lagonda shale, laminated. 


which is developed by the oriented 
stacking of the clay crustals or possibly 
crystal aggregates formed from clay 
colloids (Bray, Grim and Kerr, 1935). 
The lamination is due primarily to the 
oriented clay mineral crystals, and not 
to color banding or to alternating layers 
of different crystals. This point is signifi- 
cant because the writer wishes to estab- 
lish the fact that in these two clay- 


predominant rocks the presence or ab- 


sence of lamination is due to the orienta- 
tion of the constituent mineral particles. 

Parenthetically, banding may be de- 
veloped in shale also through differences 
in organic (bitumen) content and differ- 
ences in mineral content (calcite and 
clay minerals), as shown by a photo- 
micrograph of some Green River oil shale 
with nicols not crossed in figure 3. In 
contrast the Lagonda shale viewed in the 
45° position with nicols also not crossed is 


Fic. 8.—Typical exposure of Lagonda shale. 
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shown in figure 4. Very definitely the 
banding in the Lagonda clay shale is due 
primarily to a preferred crystal orienta- 
tion which differs radically from that in 
fire clay. 

Furthermore, the contrasting tex- 
tures of the Cheltenham fire clay and the 
Lagonda shale are also reflected in their 
outcrop structure. A typical bank of 
Cheltenham fire clay is shown in figure 5, 


and a hand specimen in figure 6. The 
massive structure, and lack of lamina- 
tion, fissility, or of bedding within the 
deposit are strikingly characteristic. 
Shale, on the other hand, is typically 
laminated, fissile, and weathers into 
slabby layers or platy chips as shown in 
figures 7 and 8. 


GENESIS OF THE TEXTURES AND 
STRUCTURES 


The massive character of the Chelten- 
ham fire clay and the random-growth 
pattern of clay-mineral crystals are in- 
terpreted as having developed in a rela- 
tively quiet and homogeneous colloidal 
suspension and gel of clay. Manifestly 
clay minerals do not possess strong 
crystallizing power and are physically 
weak after formation, hence quiet con- 
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Fic. 9.—Nearly depleted open pit of Cheltenham fire clay near Mexico, Missouri. Photo 
furnished by courtesy of A. P. Green Fire Brick Company. 


ditions must have prevailed in the soft 
clay mud which gave rise to the Chelten- 
ham semi-plastic fire clay. This environ- 
ment accords entirely with the field oc- 
currence of the clay which has repeatedly 
been interpreted (Bradley and Miller, 
1941; McQueen, 1943; Greaves-Walker, 
1939) as having the characteristics of a 
deposit formed in a low lying, swampy 
terrain replete with vegetation that 


flourished in a humid climate. In figure 
9 is shown in some detail the basins, 
pits, sink holes, and depressions of the 
old swamp floor characteristic of a Chel- 
tenham deposit. The clay has been re- 
moved from this nearly depleted open pit 
essentially down to the basal Pennsyl- 
vanian chert conglomerate overlying the 
eroded Mississippian Burlington lime- 
stone. The sump pit in the foreground, 
parly filled with water, contained a 
pocket of first-quality fire clay 65 feet 
thick. The knobs rising through the de- 
posit are the limestone remnants man- 
tled with a basal chert conglomerate 
which grades upward through sandstone, 
quartzitic in some places, into sandy clay 
and first-quality fire clay. The upper 
surface of the fire clay was a little above 
the top of the knobs. Sporadically a thin 
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lens of coal, of small areal extent, occurs 
with shale above the fire clay but 
neither coal nor fire clay necessarily ac- 
companies the other. 

Greaves-Walker, 1939, summarized so 
well the characteristics of the swamp re- 
gion in which fire clays were deposited 
according to his theory of their origin 
(after reviewing the theories of A. S. 
Worthen (1866), J. P. Lesley, H. A. 
Wheeler, T. C. Hopkins, J. J. Stevenson, 
Wilbur Stout, S. L. Galpin, Ellis Love- 
joy, Floyd Hodson, D. W. Ross, H. S. 
McQueen, V. T. Allen), that the writer 
has little to add to the description of the 
gross physical swamp features. However, 
details of the deposition and diagenesis of 
the fire clay may be further deduced from 
its textural evidence and a fuller descrip- 
tion given of its environment and origin 
and the chemical-mineralogical process 
by which the clay was developed. A 
synthesis of several ideas on the subject 
gives the following word picture of the 
Cheltenham’s origin. 

It-has long been recognized (Wheeler, 
1896; Bradley and Miller, 1941; Mc- 
Queen, 1943; Greaves-Walker, 1939) 
from the geological setting that the im- 
mediate parent material of the Chelten- 
ham fire clay was the profoundly 
weathered residual clay soil from the ex- 
posed cherty Paleozoic (chiefly Missis- 
sippian and Ordovician) limestones and 
dolomites. As C. S. Ross (1943) pointed 
out, this type of soil is commonly char- 
acterized by kaolinite, but if bases have 
been insufficiently removed the kaolinite 
end product may not have been reached. 
The bravaisite group (illite) was prob- 
ably also present and remained to con- 
stitute part (Grim and Howland, 1944) 
of the more plastic varieties of fire clay. 
Drainage of these soils was by sluggish 
streams which moved out fine sand, silts, 
and clays, and became feeder streams to 
the vegetation-fringed basins of the 
swamps. Only the finer clay particles and 
colloids which could be moved by the 
feeble currents passing through the 
fringe of vegetation (Lovejoy, 1925) were 
carried into the basins where the fire clay 
was formed. Sand and the larger clay 
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particles may have been deposited in or 
adjacent to the stream channels, or 
moved out to more open water. 

The soil colloids apparently under- 
went significant additional hydrolysis, 
dialysis and leaching in the plant- 
fringed basins to become the Chelten- 
ham, predominantly a high' heat duty 
fire clay. Evidence for leaching beyond 
the weathering suffered by the clays as 
soil is their notably low content of al- 
kalis, alkaline earths, and iron com- 
pounds other than occasional sulfide, 
and the complete absence in the clay of 
fossils (coal, and rarely casted wood ex- 
cepted) composed of the more soluble 
minerals. 

The living and the decomposing plants 
in the swamps furnished organic and car- 
bonic acids that accelerated the hydroly- 
sis of the clay suspension. The readily 
available protective organic colloids 
helped keep the clay dispersed for attack 
by the swamp water. As soluble bases 
were freed they diffused upward toward 
waters less concentrated, waters fresh- 
ened from rainfall or or from feeder 
streams. While a humid climate pre- 
vailed, abundant rain (McQueen, 1943) 
water flushed off the surface layers of 
relatively stagnant pools in the swamps 
(as a chemist decants a supernatant 
wash solution) and carried away signifi- 
cant quantities of metallic ions freed 
from the purifying clay which otherwise 
would have acted as fluxes and rendered 
the clay unsuitable as fire clay. Thus the 
already weathered soil was further hy- 
drolyzed, and dialyzed by upward dif- 
fusion to become a relatively pure, hy- 
drous alumino-silicate. As Victor T. 
Allen (1939) pointed out, downward 
leaching, or leaching and_ diffusion 
through the matured clay, is neither ef- 
fective nor indicated by field evidence. 
The writer sees no more difficulty in the 
operation of upward diffusion and leach- 
ing while the clay was still a mud in the 
swamp than in the successful short-time 
dialysis of clay in a laboratory. By this 
preferred interpretation the major leach- 


1 By A.S.T.M. specifications, i.e., P.C.E. 
above cone 31. 
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ing and purification of the Cheltenham 
fire clay took place prior to fina) con- 
solidation. Random growth of clay- 
mineral crystals was easily possible in the 
soft, homogeneous clay gel. A massive 
structure was the natural development 
under these conditions. 

Shale like the Lagonda with laminated 
structure, on the other hand, is inter- 
preted as having resulted from (1) rela- 
tively rapid flocculation of clay carried 
by the streams without significant post- 
depositional hydrolysis, or (2) from de- 
position in an environment character- 
ized by at least slight ‘‘washing”’ as de- 
scribed by J. A. Udden (1914). Relatively 
rapid flocculation of shale clay resulted 
from the contact and mixture of a fresh- 
water clay suspension with a strong 
electrolyte (saline water); from oxidation 
of protective organic colloids, which 
would be expedited by splashing water 
dissolving oxygen from the air; or pos- 
sibly by clumping together, often with 
sand particles, during mild turbulent 
flow simulated by the clumping in a 
butter churn. Following initial floccula- 
tion of clay, the floccules while descend- 
ing through muddy water ordinarily pick 
up more colloidal clay which usually 
joins in nearly continuous crystallo- 
graphic orientation with the nuclei 
(Hendricks and Fry, 1930; Smith, 1935; 
Bray, Grim, and Kerr, 1935), and rela- 
tively large platy floccules accumulate to 
form eventually laminated shale. Feeble 
washing assists in the parallel orientation 
of these plates. Further growth, either 
immediately, or later during diagen- 
esis, takes place on the pre-existing 
plates. 

Marine and brackish-water shales are 
interpreted as commonly having been 
deposited from clay floccules, aggregates, 
and suspensions brought into an environ- 
ment which was incompatible with ap- 
preciable further breakdown of the clay 
by hydrolysis. During diagenesis they 
underwent recrystallization or growth on 
the original platy clay crystals, com- 
monly some base exchange (ordinarily 
becoming Na-clays), and dewatering. 


The marine chemical environment is 
averse to the decomposition and recon- 
stitution which may take place in a 
swamp where fresh water is abundantly 
renewed. Recent researches by Ross, and 
Grim and Cuthbert (1944), support the 
expectation that laminated clay sedi- 
ments—shales—are the type to be 
formed in marine or saline water. Ross 
(1943) found that illite is seemingly 
formed under aqueous conditions where 
potash is not being removed significantly, 
for he states, ‘Geologists have long 
known that where potassium in solution 
in river, ocean, or saline lake comes in 
contact with the clay materials there is a 
preferential) fixation of potassium... . 
The gradual inversion of montmorillonite 
to bravaisite or mica-like minerals (‘“‘il- 
lite’) seems to offer an explanation of 
this preferential fixation of potassium 
and the dominance of potassium min- 
erals in marine deposits.” And R. E. 
Grim and F. L. Cuthbert (1945) wrote 
about the tendency of illite to form a 
sediment with laminated texture, ‘“Thus 
they (clay-water characteristics) should 
help to understand the processes of di- 
ageneis and the difference in the teature 
between many sediments composed of 
illite and those composed of kaolinite; 
sediments composed of the former clay 
mineral tend to have a laminated texture.”’ 
(Italics by the writer.) 

Hence, if illite is being formed in a 
marine environment or one in which 
potash is adequately available, and the 
particles assume their usual orientation, 
the sediment will tend to have a lami- 
nated texture (Grim and Cuthbert, 
1945)—it will be a shale. On the other 
hand, where illite (and/or kaolinite) 
grows in a quiet gel, especially from 
which soluble salts (potash) are being 
abstracted, it is logical to expect that 
crystal growth will be in random direc- 
tion, like that fraction of the more plastic 
Cheltenham. 

Although this paper is concerned with 
the interpretation of the texture and 
structure of the Cheltenham fire clay and 
the Lagonda shale, it seems in order to 
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suggest testing against other lines of 
geologic evidence the application of the 
criteria used herein to other argillaceous 
rocks. In so doing the following questions 
are brought to focus. 

(1) Does a random texture of clay 
minerals, noticeable particularly in the 
illite and montmorillonite groups, in an 
argillaceous rock point toward growth 
in a relatively quiet environment such as 
would obtain in (a) a reconsolidated re- 
golith, including a not-reworked soil 
subjacent to an unconformity; (b) in 
some subaqueous deposits, especially 
where hydrolysis or dialysis and re- 
mova! of soluble salts prevailed, as in 
swamps; or (c) preservation in eolian 
deposits like the loess of the upper Mis- 
sissippi River and its tributaries? 

(2) Does primary lamination in an 
argillaceous rock signify deposition of 
(a) previously flocculated clay particles, 
which settle with their long axes parallel 
to each other; (b) of flocculated or re- 


crystallized clay particles later oriented 


mutually parallel by ‘‘washing’’; (c) 
or of clay materials in water sufficiently 
saline in potash to occasion its fixation 
and development of illite? 


SUMMARY 

(1) The Cheltenham semi-flint fire 
clay is massive in structure and exhibits 
a textural pattern of clay minerals 
grown in random directions, 

(2) The Lagonda shale, a typical clay 
shale, is laminated, its texture originating 
through prominent parallel orientation of 
its clay minerals. 

(3) The structural and textural data 
supplement field observations which in- 
dicate that the Cheltenham was de- 
posited largely as highly weathered col- 
loidal clay material in nearly stagnant 
swamp basins where additional hydroly- 
sis, and dialysis with removal of metal 
ions (fluxes) took place. 

(4) The Lagonda accumulated from 
clay minerals, predominently of the illite 
group, which were deposited with their 
long dimensions parallel, and did not 
undergo significant hydrolysis after de- 
position. 

(5) It is suggested that the criteria 
applied to the interpretations of the 
Cheltenham and Lagonda may be ex- 
tended more generally, and that this 
possibility be tested against other lines 
of sedimentational evidence. 
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A COMPARISON OF THE PHYSICAL PROPERTIES AND 
PETROGRAPHIC CHARACTERISTICS OF SOME 
LIMESTONES AND DOLOMITES OF 
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ABSTRACT 


The texture, s 
ues in various 


ific gravity, porosity, absorption and nature and amount of insoluble resi- 
aleozoic limestones and dolomites were determined and compared with the 


results obtained from abrasion and impact tests on the same peng oae The experimental results 


indicate that an increase in porosity due to dolomitization and 


eaching is accompanied by a 


decrease in crushing strength and in resistance to abrasion. Neither the character nor the 
amount of insoluble residues has an appreciable effect on the strength of the rock samples 


tested. 


Aside from the engineering aspects of the problem, the results have a direct bearing on the 
rate of weathering, and the resistance to impact and abrasion during transportation, of clastic 


materials derived from such nonclastic strata. 


INTRODUCTION 


A comparative study of the physical 
properties and petrographic character- 
istics of limestones and dolomites was 
undertaken at the request of the Minne- 
sota Highway Department. The use of 
any rock for road construction, either as 
base or surface material, must be gov- 
erned by such factors as_ crushing 
strength and resistance to abrasion. It 
was found that rocks from quarries in 
the same formation showed marked dif- 
ferences in physical properties even 
though they appeared uniform when 
viewed megascopically. This study was 
undertaken in an attempt to evaluate 
possible causes for the: variations and 
thereby aid the highway engineers in 
selecting limestones and dolomites suit- 
able for road metal. 


MATERIALS AND METHODS 

The limestones and dolomites that 
were sampled and tested were taken from 
quarries in the Ordovician strata that 
crop out in southeastern Minnesota in 
the region east of Mankato and south of 
the Twin Cities. There are scores of quar- 
ries in this area, most of which are in the 
Oneota-Shakopee dolomites. 


Stratigraphy and Lithology 


General Ordovician Stratigraphic Column 
of Southeastern Minnesota* 


Ordovician 
Cincinnatian Series 
Maquoketa formation 
Wykoff member 
Dubuque member 
Mohawkian Series 
Galena formation 
Stewartville member 
Prosser member 
Decorah shale member 
Ion submember 
Guttenberg submember 
Plateville formation 
Spechts Ferry member 
McGregor member 
Glenwood member 
Chazyan Series 
St. Peter sandstone 
Beckmantownian Series 
Shakopee dolomite 
Root Valley sandstone ; ‘‘Prairie du 
Oneota dolomite | Chien” group 
Blue Earth siltstone 
Kasota sandstone 


* Stauffer, C. R. and Thiel, G. A., Paleozoic 
and related rocks of Southeastern Minnesota, 


P 
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The Oneota Dolomite 


The Oneota Dolomite is typically 


thick-bedded, drab to buff or pink in 
color, and frequently very porous and 
cavernous. It may, especially in the up- 
per part, appear sandy or shaly and often 
cherty. The thickness varies greatly, 
from 45 feet at Mankato to 150 feet at 
Dresbach. 

The base of the formation is marked by 
a distinct unconformity where it overlies 
the Cambrian Jordan sandstone. Above, 
the Oneota is overlain by a thin sandy 
horizon known as the Root Valley sand- 
stone. Where present, this sandstone is an 
important horizon marker. 

The Oneota was used extensively as a 
building stone at one time and some of 


Dolomite 


. Dolomite, pink to brown, semi-crystalline alternating with compact buff beds, 


Shakopee Dolomite 


The base of the Shakopee is inter- 
bedded with the underlying Root Valley 
sandstone and grades upward from it. 
On the whole, it is less dolomitic than 
the Oneota, but while it is thin-bedded 
in places, it is largely a massive, drab 
dolomitic limestone, porous, with calcite- 
filled cavities as in the Oneota. The for- 
mations are so much alike as to be almost 
impossible to differentiate in the field 
without a horizon-marker. 

At the type locality, at Shakopee, the 
total thickness is probably 60 feet, and 
the average thickness in the St. Paul- 
Minneapolis area is about 56 feet. The 
following is part of the lower Shakopee 
at Shakopee, near the type locality: 


Thickness 
(in feet) 


all fairly thin-bedded and uneven. Fossiliferous 


to the bottom of the old quarry. 


WH 


. Dolomite, thin-bedded, gray to pink or brown, occurring in the ditch and wa- 
ter hole below the quarry floor. Now partly covered. 5 
. Covered interval to level of Minnesota River (687 ft. A.T.). Outcropsand 


. Sandstone, irregular, gray, sandy gray dolomite. 2 
. Dolomite, gray to pink, fairly massive but splitting into thinner beds. Extends 


wells about the town show this portion to be a gray to brown dolomite. Springs 


along the river suggest sandstone below. 


the more massive parts still are used com- 
mercially. 
The following is a characteristic section 


of the Oneota formation as exposed at 
Lewiston, Minnesota: 


Root Valley Sandstone 


14 
The top of the Shakopee is marked 


by a disconformity and overlain by the 
St. Peter sandstone. 


11. Sandstone, loose blocks, brown to white mingled with mantle rock. 3 


Oneota Dolomite 


10. Dolomite, rough, gray to drab, with calcite-filled cavities. 
9. Dolomite, » Bray to buff, compact, even-bedded. 
ard, rough, gray to buff, with quartz-filled cavities and much cal- 


8. Dolomite, 
cite. 


7. Dolomite, massive-bedded gray to drab, with sauciaathanian cavities. 

6. Dolomite, rough, cavernous, gray to buff. 

5. Dolomite, massive to thin-bedded, gray to buff. 

4. Dolomite, massive, buff. Weathers rough and porous, part of it into thinner 
beds. 

3 


: Dolomite, brown to buff in color. This is the floor of the old quarry. The top 
of the rock floor is covered with fucoids and occasional flat, coiled fa astropods. 
2. Covered interval from level of railroad tracks to outcrop below t 


Jordan Sandstone 


1. Sandstone, white to yellow, medium-grained, to level of Rollingstone Creek. 


dS 
on 


e bridge. 


Minnesota Geological Survey, Bulletin 29, 1941, p. 9. 


7 
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Platteville Limestone 


The basal beds (Glenwood member) of 
the Platteville formation consist of blue 
to green shales overlying the St. Peter 
sandstone. They have been considered 
previously as a separate formation but 
following the classification of Stauffer 
and Thiel these Glenwood beds are here 
considered as the basal member of the 
Platteville formation. Overlying the Glen- 
wood member is a series of medium to 
thick-bedded limestone which has been 
designated the McGregor member. It is 
from this horizon that most of the sam- 


Platteville Formation 
Spechts Ferry Member 


10. Limestone, hard, pyritiferous, blue to brown, with prominent calcite crys- 


tals. 
McGregor Member 


9, Limestone, buff, even-bedded, containing a great many fossils. 


The upper part of the McGregor is 
from 8 to 10 feet thick. These beds are 
thin, gray to bluish gray, fossiliferous 
layers of brittle dolomitic limestone. 
Pyrite appears as a common mineral. 

Overlying the upper McGregor are the 
thin limestone and shale layers of the 
Spechts Ferry member. This member is 
about 10 feet thick and exhibits a layer 
of metabentonite near the base. Being 
quite variable, it is rarely used for struc- 
tural purposes. 

The following is a typical section of 
the Platteville limestone at Minneapolis. 


Thickness 
(in feet) 


1.7 
10.7 


8. Limestone, blue, nodular, weathering shaly. Lower 5 to 8 inches have black 


grains in streaks or burrows. 


Glenwood Member 


17.0 


7. Shale, hard, flaky, blue; or shaly blue limestone containing fossils. 


6. Shale, soft, gray to brown. 


5. Shale, argillaceous, green, containing frosted sand grains. 


4. Shale, sandy, yellow to white 


3. Sandstone, yellow to buff, intermingled with clay. 
2. Sandstone, white to yellow, with streaks of green, argillaceous sandstone 


and some clay. 


St. Peter Sandstone 


1. Sandstone, white with yellow patches, partly covered at the base near the 


water, to level of Mississippi River. 


ples of the Platteville limestone have 
been taken for this study. 

The lower portion of the McGregor 
member, about 12 feet in thickness, con- 
sists of compact hard blue limestone 
with numerous streaks of thin blue 
shale. Though irregular and more or less 
nodular, the lower portion separates into 
more or less thick beds which split into 
fine shaly layers along less prominent 
partings. The basal layer of this portion 
exhibits a corrosion zone marked by 
small, black phosphatic pebbles. This is 
the portion of the McGregor commonly 
used as a building stone in the Twin City 
area. 

The middle portion of the McGregor 
member is from 4 to 6 feet thick, is 
thicker bedded, rarely fossiliferous, and 
usually argillaceous. 


23.0 


Galena Limestone 


The basal member of the Galena for- 
mation is called the Decorah shale, and 
consists of interbedded limestones and 
blue to green shales about 60 feet in 
thickness. Overlying these shales are the 
beds of the Prosser member. These are 
hard compact limestones of high purity 
which are as much as 185 feet thick in 
some places. Most of the quarries studied 
in this report lie in the Prosser member. 

Overlying the Prosser member are the 
thick bedded gray to tan mottled lime- 
stones of the Stewartville member. It is 
usually about 50 feet thick and is a 
prominent bluff-former in Fillmore 
County. 

The following is a typical section of 
the limestone members of the Galena 
formation at Wykoff, Minnesota: 


| 
0.3 
1.0 
0.7 
3.d 
| 


19. Drift 
Maquoketa Formation 
Dubuque Member 


18. Limestone, shaly, gray to buff, fossiliferous. 


Galena Formation 
Stewartville Member 


17. Dolomite, cavernous, yellow to buff, fossiliferous. 
16. Dolomite, very porous, yellow from weathering in thin, knotty layers 
15, Dolomite, thick-bedded, gray to yellow. Fossils. 


14. Dolomite, gray to brown, weathering yellow. Fossils. 


13. Shale, argillaceous, yellow to gray. 
Prosser Member 
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Thickness 
(in feet) 


12. Limestone, compact, drab, subcrystalline, with some thin, argillaceous 


layers. 


11. Limestone, compact, hard, drab, thin-bedded, with numerous graptolites. 
10. Limestone, compact, hard, drab, very fossiliferous. 


9, Limestone, bluish, compact, partly crystalline, thin-bedded to shaly. Fos- 


sils. 


blue to gray in color, 


. Limestone, compact, light 


Samples 

Each master sample represents a series 
of large chips taken at short horizontal 
intervals from the same stratum across 
the face of a quarry. The samples for 
this study were taken as small chips from 
the master samples. Care was exercised 
to obtain representative small samples. 


Textural Analysis 

Chips for thin sections were selected to 
represent the various lithologic facies 
noted for each formation in the entire 
suite of samples. The thin sections were 
studied under a petrographic microscope 
and textural and mineralogical variations 
catalogued. These were later compared 
with the results obtained from tests on 
strength and resistance to abrasion. 


Absorption 


Absorption can be defined as the 
weight of water required to fill the pore 
space of a rock sample, divided by the 
dry weight of the specimen. The absorp- 


. Limestone, compact, drab, with some chert or flint. Fossiliferous. 
Limestone, compact, drab, with numerous fossils. 

. Limestone, thick-bedded, compact, drab, with some chert. 

. Limestone, compact, drab, with shaly beds at the base, forming bottom of 
small caves and line of springs. Graptolites common. 

. Limestone, argillaceous, massive, but weathering into thin, knotty beds, 


. Limestone, compact, drab, D egg into argillaceous beds. 
I rab in color. Abundant fossils. 
. Covered interval to level of Deer Creek at outlet of Prosser Creek. 


— 


© 


tion was measured in the laboratories of 
the Highway Department, according to 
the standard specifications set up by the 
American Association of State Highway 
Officials. According to these specifica- 
tions, approximately five kilograms of 
material are selected from a sample, 
(pieces less than 3 inch in diameter are 
rejected) and allowed to absorb water 
for twenty-four hours. The material is 
agitated when first immersed to insure 
removal of dust or other coatings from 
the surface. After the absorption period, 
the sample is removed from the bath, 
the surface film of water removed by 
means of a large absorbent cloth, and the 
sample weighed. The sample is then 
oven-dried to constant weight at a tem- 
perature of 100°-110° C., and weighed. 
The absorption is calculated from the 
formula: 


1 American Association of State Highway 
Officials, Standard specifications for highway 
materials and methods of sampling and testing; 
Washington, D. C., 1938, p. 158. 


3 
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Percentage Absorption = r (1) 


where: 


B=the saturated surface-dry 
weight in air 
A =the oven-dry weight in air. 


Specific Gravity 

The specific gravity was also deter- 
mined in the laboratories of the Highway 
Department, following the specifications 
set up by the American Association of 
State Highway Officials. The specific 
gravity by this method is determined in 
conjunction with the absorption deter- 
mination, and involves one other step. 
After the saturated specimen has been 
weighed in air, it is weighed, still satu- 
ated, in water. The specific gravity is 
then determined by the formula: 


Specific Gravit “se (2) 


A =oven-dry weight in air 

B =saturated surface-dry weight 
in air 

C =saturated weight in water. 


Porosity 


Porosity may be defined as the amount 
of water absorbed by the specimen, in 
grams, divided by the volume of the 
sample. Since comparable methods are 
used for determination of absorption, 
porosity and specific gravity, it was pos- 
sible to derive the porosity figures from 
the absorption and specific gravity re- 
sults. 

Assuming: 


X =conversion factor 

A =oven-dry weight in air 

B =saturated surface-dry weight 
in air 

C =saturated weight in water 

V =volume in cc. of saturated 
specimen 


Percentage Absorption = 


(Eq. 1 above) 


Specific Gravity 


Buc (Eq. 2 above) 


And 


Porosity = 


(by definition) 


Then 
(Absorption) X =Porosity 


Now by inspection 


V=B-C 
Therefore, 


X =Specific Gravity 
Or. 
Absorption X Specific Gravity = Porosity 


Strength 


The strength tested was a combination 
of abrasive and crushing strength. This 
was accomplished by subjecting the sam- 
ples to a test known as the Los Angeles 
Rattler Abrasion test of coarse aggre- 
gates. In this test, the material is charged 
into a steel cylinder, 20 inches long and 
28 inches in diameter, fitted with a 33 
inch radial shelf, running the entire 
length of the cylinder which is mounted 
on hubs at either end, on which it ro- 
tates at a speed of 30 to 33 revolutions 
per minute. The abrasive charge consists 
of steel balls, uniformly 1} inches in 
diameter and weighing between 390 and 
445 grams each. These steel balls, in 
rolling, produce the necessary abrasion, 
and, when lifted and dropped by the 
shelf, produce the necessary crushing 
force. A charge of 12 steel balls weighing 
5,000 grams+25 grams is used with a 
grading A charge (see below) and a 
charge of 11 balls weighing 4,853 grams 
+25 grams is used with a grading B 
charge (see below). The test sample con- 
sists of 5,000 grams of clean, dry crushed 


B-A B-A 
A 
X 

where: 

A 
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TABLE I. Summary of the properties of the Oneota Dolomite 


Quarry 28-20 S.W. }-N.E. }, Sec. 3-101-7 - 


Houston County 


Absorp- Poros- Insol- 


L.A.R. Specific tion ity uble 
Ledge Loss Gravity (Per (Per (Per Mass Characters of Insolubles 


cent) cent) cent) 


6 40.5 2.50 2.57 6.68 7.06 Predominantly white porous chert, 
abundant rounded and frosted quartz 
grains, much fine crystalline quartz. 


Predominantly blue-gray silt aggregates, 
a few frosted, rounded quartz grains. 


3 40.8 2.69 1.40 &77 1.36 Predominantly fine drusy quartz and 
brown silt aggregates, abundant 
rounded, frosted quartz grains. 


2 41.3 2.69 1.40 3.77 0.39. Mainly red, fine-grained drusy quartz 
fragments, rounded, frosted quartz 
grains with some drusy quartz. 


1 40.7 2.67 1.60 4.27 27.10 Predominantly white porous chert, some 
fine drusy quartz and a little fine crystal- 
line quartz. 


Fic. 1.—The relation of absorption and resistance, to abrasion and impact in samples of Oneota 
dolomite. The lower the L.A.R. units, the greater the strength. 
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rock and must conform to one of two 
gradings: 


Sieve size 
(square — 

. etain 
Passing 


Grading A Grading B 
Weight, Weight, 
Gm m. 


13” 1 0 
1” 0 
2500 
2500 


After 500 revolutions in the testing 


_ Fic. 2.—Variations in the physical proper- 
ties of samples from different quarry ledges of 
Oneota dolomite. Location, Wabasha County, 
N.W. 4-S.E. }, Sec. 32., T. 108 N., R. 11 W. 


machine, the material is removed, 
screened, and the difference between orig- 
inal and final weight is recorded as a 
percentage of the original weight, known 
as the percentage of wear. This per- 
centage of wear is tabulated as L.A.R. 
loss. It should be noted here that an in- 
crease in the L.A.R. percentage denotes 
a decrease in strength. The L.A.R. per- 
centages used represent the average per- 
centage loss for each sample, after being 
subjected to a grade A analysis and a 
grade B analysis. The results from both 
analyses should be approximately the 
same, so that the average value gives a 
more representative measure of the 
strength. 


Insoluble Residues 


The insoluble residues were obtained 
by dissolving the soluble constituents in 
warm dilute hydrochloric acid. This re- 
moved both calcite and dolomite. The 
residues were washed, dried, weighed, 
and classified with the use of a binocular 
microscope. The mass characteristics are 
summarized in tables I-V. 


OBSERVATIONS AND DISCUSSIONS 
Oneota Formation 


Texturally the Oneota formation is 
mainly a medium-grained carbonate rock 
with isolated zones composed of coarse 
grains of anhedral dolomite. In many lo- 
calities, the basal beds are highly arena- 
ceous. 

A total of 44 samples of the Oneota 
formation were tested and studied petro- 
graphically. A summary of the physical 
properties and of the mass characteristics 
of the insoluble residues of ten typical 
samples is given in table I. The loss by 
abrasion varies from 32.7% to 46.9%, 
and the absorption percentage varies 
from 0.79 to 2.64. The sample with the 
highest absorption showed the lowest re- 
sistance to abrasion. This relationship is 
shown graphically in figure 1. The com- 
posite graph of figure 2 indicates a 
marked loss in strength accompanying 
an increase in the percentage of insoluble 
residues. This relationship, however, is 


3 
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Fic. 3.—The per cent of insoluble residues in the Oneota dolomite plotted against the resistance 
to abrasion and impact. The lower the L.A.R. units, the greater the strength. 


TABLE II. Summary of the properties of the Oneota Dolomite 
Quarry 79-2 S.W. 4-S.W. 3, Sec. 36-110-13 Wabasha County 


Absorp- Poros- Insol- 


Ledge — (Per ity Mass Characters of Insolubles 


cent) cent) 


2.55 2.64 E 26.16 Predominantly frosted, rounded quartz- 
sand grains, a few dragments of porous 
and dense white chert, a few gray silt 
aggregates. 


Predominantly gray silt aggregates, 
abundant fine crystalline quartz, some 
rounded, frosted sand grains. 


Predominantly light brown silt aggre- 
gates, some rounded, frosted quartz 
grains, a few white dense chert frag- 
ments. 


Predominantly brown silt aggregates 
abundant finely crystalline quartz grains, 
a few grains rounded frosted quartz 
some grains of drusy quartz, one grain 
white dense chert. 


4 

4 46.9 
i 
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not typical of the formation as a whole. 
Some samples with no more than 2 per 
cent of insoluble materials showed losses 
under abrasion and impact of from 50 
to 62 per cent. If the percentage of in- 
soluble material is low, and the porosity 
and absorption remain high, the strength, 
nevertheless, is low. Neither the amount 


TABLE III. Summary of the pr 
Quarry 23-66 


S.E. 1-N.E. 4, N.E. 3S.E. 3, Sec. 3-101-8 


AND GEORGE A. THIEL 


II with table III, and figures 1 and 2 
with figures 4 and 5 respectively. Chem- 


ical analyses indicate that both are 
highly dolomitic. (See table VI.) 


Platteville Formation 


All samples of the Platteville were 
taken from the McGregor member of the 


operties of the Shakopee Dolomite 
Fillmore County 


Absorp- Poros- 


Insol- 


L.A.R. Specific tion ity uble 
Ledge Loss Gravity (Per (Per (Per Mass Characters of Insolubles 
cent) cent) cent) 


2 41.7 2.70 1.29 3.48 


3 50.8 2.66 1.87 4.97 2.10 Predominantly light gray silt aggre- 


gates, very few fragments drusy quartz, 
some grains iron oxide. 


1.40 Predominantly light gray silt aggregates, 
few fine rounded frosted quartz grains, 
many very fine, some fragments fine 
porous chert. 


1.06 Predominantly greenish brown silt ag- 
gregates, few fine rounded frosted 
quartz grains, very many very fine, a 
few fragments dense angular green chert, 
few limonite grains. 


Quarry 23-68 


S.W. }-N.W. }, Sec. 2-103-8 


Fillmore County 


3 36.0 2.62 2.32 6.08 


2 38.9 2.58 2.81 7.26 
1 49.8 2.53 3.12 7.89 


2.92 Predominantly gray silt aggregates, 
abundant fine crystalline quartz, fine 
drusy quartz, few siliceous oolites. 


1.56 Gray silt aggregates. 


3.32 Predominantly light gray silt aggregates, 
very few frosted rounded quartz grains. 


nor the character of the insouble com- 
ponents has a uniform influence on re- 


sistance to abrasion and impact. This 
lack of uniformity is shown graphically 


in figure 3. 
Shakopee Formation 

The petrographic characters and the 
physica) properties of the Shakopee dolo- 


mite are very similar to those of the 
Oneota formation. The similarity be- 


comes evident by comparing tables I and 


formation. The tests indicate that the 
McGregor beds are more uniform in tex- 
ture and in other physical properties than 
either the Oneota or the Shakopee for- 
mations. The properties of a typical 
series of samples from a quarry wall are 
shown in table IV. The absorption is 
uniformly low and the greatest loss due 
to abrasion and impact is only 34.4%, 
whereas a number of samples from the 
Oneota showed a loss of more than 50%. 
This greater strength is undoubtedly due 
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Fic. 4.—The relation of porosity to resistance to abrasion and impact in samples of the 
Shakopee dolomite. The lower the L.A.R. units, the greater the strength. 


to the uniformly low porosity of the rock 
which averaged 4.5%. The Oneota, on 
the other hand, showed an average 
porosity of 6.01%. 


Hy 


Galena Formation 


The Galena formation has two distinct 
limestone members, namely the Prosser 
and the Stewartville. The Prosser beds 
are composed of high calcium limestone, 
whereas the Stewartville is quite uni- 
formly dolomitic. The rock from the dolo- 
mitic strata has physical properties 
similar to those of the Oneota and 
Shakopee formations. However, samples 
from the Prosser are finer textured and 
show a correspondingly lower percentage 


Fic. 5.—Variations in the physical proper- 
ties of samples from different quarry ledges 
of the Shakopee dolomite. An increase in in- 
soluble residues is accompanied by an increase 
in porosity and a decrease in strength. 
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TABLE IV. Summary of the properties of the Platteville Limestone 
Quarry 55-19 N.E. 4-S.W. }, Sec. 26-107-14 Olmsted County 


Insol- 
uble 
(Per 
cent) 


4322 


Absorp- Poros- 
tion ity 
(Per (Per 
cent) cent) 


1.26 3.30 


L.A.R. Specific 


Ledge Loss Gravity 


Mass Characters of Insolubles 


2.62 Predominantly gray silt aggregates, a 


14.78 


few limonite grains, dense gray chert 
fragments. 


Predominantly brown silt aggregates, 
abundant shell fragments, several li- 
monite grains. 


Light gray silt aggregates. 
Predominantly brown silt aggregates, 
abundant pyrite aggregates, a few 
rounded frosted quartz grains. 


Predominantly brown silt aggregates, 
one grain pyrite. 


of absorption. Figure 7 indicates that the 
low porosity is accompanied by a high 
degree of resistance to abrasion and im- 
pact. Most of the samples lost less than 
30 L.A.R. units during the abrasion 


mine the relations, if any, that existed 
between the extent of dolomitization and 
the strength of the rock. Variations in 
the amount of dolomite in the formations 
is shown in table VI. The curves in figure 


tests. 
Additional tests were made to deter- 


8 would seem to indicate that as the 
amount of magnesium carbonate in- 


TABLE V. Summary of the properties of the Galena Limestone 


Quarry 23-12 S.W. 3-S.E. 3, Sec. 9-104-12 Fillmore County 


Insol- 
uble 
(Per 
cent) 


7.02 
7.92 


Absorp- Poros- 
tion ity 
(Per (Per 
cent) cent) 


Ledge L.A.R. Specific 


Mass Characters of Insolubles 


Loss Gravity 


42.0 
37.6 


2.32 
2.54 


3.18 


8.01 
6.45 


Predominantly white silt aggregates. 


Gray silt aggregates predominant, some 
white nodular chert, some white dense 
chert and shell fragments. 

3.87 9.18 Predominantly gray silt aggregates with 
a few shell fragments and a few dense 
white angular chert fragments. 


Predominantly gray silt aggregates with 
a few shell fragments and several pyrite 
aggregates. 


Gray silt aggregates, with very fine 
quartz. 
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creased, the resistance to abrasion is de- 
creased. That tendency, however, is not 
uniform. A number of samples of the 
Stewartville, with as much as 30% of 
magnesium carbonate, showed a L.A.R. 
loss of no more than 26 units. 


Fic. 6.—Variations in the physical proper- 
ties of samples from different quarry ledges of 
the Platteville limestone. Pigg Olmsted 
County, N.W. 4-S.W. i, Sec T. 107 N., 
R. 14 W. 


GENERAL CONCLUSIONS 


Neither the percentage of insoluble 
materials nor their general mass charac- 
teristics, has a uniform predictable effect 
upon the strength of the Ordovician lime- 
stones and dolomites. 

The resistance to abrasion and impact 
varies inversely with the percentage of 
porosity and absorption. This relation- 


Strength in L. Unite 


Fic. 7.—The relation of porosity to resist- 
ance to abrasion and impact in samples of the 


‘Galena limestone. The lower the L.A.R. units, 
‘ the greater the strength. 


Fic. 8.—Variations in the physical proper- 

ties of samples from different quarry ledges of 

the Galena formation. 
S.W. 3-S.E. 3, Sec. 9 104 N., 


83 

7 

Hes 

| 


ERNEST H. LATHRAM AND GEORGE A. THIEL 


TABLE VI. Composition of Minnesota Limestones 


Insolubles 


Sample Silica, Oxides 
etc. (Iron, etc.) 


Stratigraphic 
Horizon 


Total 


Ordovician 
Galenz 
Stewartville 


om 


Won 


om 
w 


Platteville 
McGregor 


OO. 


Shakopee 


Oneota 


* Not determined. 


Ordovician 
Galena: Stewartville Member 
62. Stewartville dolomite, Lime City, North of Spring Valley. Fairly hard limestone. 
63. meevenetvane dolomite, same location as no. 62. Fairly compact dolomite, ashen in 
color. 
92. Stewartville dolomite, Sec. 12, Bristol Twp., Fillmore County. 
120. i dolomite, from the western part of Sec. 18, Rochester Twp., Olmsted 
ounty. 
Ordovician 
Galena: Prosser Member ; 
26. Galena limestone, 2} miles southwest of Preston, Fillmore County. 
28. Galena limestone, Prosser Creek, Wykoff. Sample from lower middle Prosser lime- 
stone. 
29. Galena limestone, same location as no. 28. Sample from middle Prosser limestone. 
37. Galena limestone, Troy Road (Waterworks Hill), Chatfield, Olmsted County. Com- 
pact gray limestone. 


95. Galena limestone, Sec. 11, Bristol Twp., Fillmore County. Sample from upper part of 
Prosser limestone on John Hahn property. 


Ordovician 
Platteville: McGregor Member 
8. Platteville limestone, Ford Plant, St. Paul, Ramsey County. Sample from bed 5 feet, 
3 inches thick, which is composed of argillaceous, thin-bedded limestone showing 
conchoidal fracture and containing few fossils. 
12. Platteville limestone, same location as no. 8. Sample of a bed which is a shaly, argil- 
laceous blue limestone, breaking conchoidally. 


71. Platteville limestone, State Hospital Quarry, Rochester. Sample from the bottom 


beds. 
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63 
92 
120 
Prosser 26 
28 
29 
37 
: 95 
12 nd | 41.01 37.74 21.01 
71 13.0 14.9 54.1 30.6 
6 nd nd 8.48 46.74 41.11 
97 2.8 0.4 $.3 57.5 39.1 
P| 3 nd nd 8.99 51.02 40.06 
48 2.30 6.0 53.0 40.4 
p 53 1.7 0.30 2.0 53.9 43.7 
75 1.1 0.50 1.6 54.1 44S 
144 nd nd 13.18 49 .54 
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Ordovician 
Shakopee Dolomite 
6. Shakopee dolomite, Cannon Falls, Goodhue County. Sample from the odlitic beds 
below the dam at Cannon Falls. 
97. Shakopee dolomite, along U. S. Highway No. 16 out of Lanesboro, Fillmore Cou ty. 
Sample from upper part of Shakopee dolomite, which is thin-bedded, often odlitic, 
with large masses of calcite crystals in cavities. ; 


Ordovician 
Oneota Dolomite 

3. Oneota dolomite, White Cliff or White Rock Bluff, Ottawa, LeSueur County, on 
Charles Schwartz’ farm along the Minnesota River. Sample from 6-foot bed of brown 
to reddish brown or pink magnesian limestone with a little chert. Fossils common but 

poorly preserved. 
. Oneota dolomite, Merriam Junction, Scott County. Rather massive, hard, rough 
gray to brownish dolomite, often with pink streaks and cavities containing pink crys- 


tals. 

. Oneota dolomite, same location as no. 48. Compact, hard gray to buff, dolomite, 
streaked with pink. 

. Oneota dolomite, Frontenac Quarry. Sample from bed which is composed of several 
beds of hard, gray, drab to pale pink dolomite with some chert. 

. Oneota dolomite, quarry of the Breen Stone Company (Babcock and Wilcox), 
Kasota, LeSueur County. Sample from the 7 feet, 2 inches of pink to cream-colored 
“polish ledges.” 


ship is uniform for the Galena and 
Platteville formations, 
higher degree of variability in samples 
from the Oneota and Shakopee dolo- 
mites. 

The extent of dolomitization varies 
markedly, but the variation has no uni- 


but shows a. 


form effect on the strength of the rock. 
The dolomitic limestones with a high per- 
centage of porosity show a corresponding 
decrease in resistance to abrasion, but 
the same relationship exists in high cal- 
cium limestone with little, if any, mag- 
nesium carbonate. 


53 
75 4 

‘ 
| 
| 7 | 


JOURNAL OF SEDIMENTARY PETROLOGY, VOL. 16, No. 2, P. 86 


AuGust, 1946 


ANNOUNCEMENT 


Publication of Volume 41 Number 2, 
the Quarterly of the Colorado School of 
Mines has been announced by the De- 
partment of Publications. This, the April 
1946 issue of the Quarterly, contains ‘‘The 
Stratigraphy of the Golden-Morrison 
Area, Jefferson County, Colorado” by 
L. W. LeRoy, until January 1946 assist- 
ant professor of geology at the school. 

The paper constitutes a report on an 
intensive investigation conducted by the 
author and represents a distinctive con- 
tribution toward geology, not only to 


the complex area discussed, but also of 
Colorado. Complete in its discussion of 
the stratigraphy of the area from pre- 
Cambrian to Tertiary, the report com- 
prises one hundred and sixteen pages. It 
includes twenty-three figures, eleven 
plates, numerous detailed sections and a 
bibliography. 

Copies of this number of the Quarterly 
may be obtained from the Department of 
Publications, Colorado School of Mines, 
Golden, Colorado, at two dollars post 
paid. 


ERRATA 


PercivaAL ALLEN, Journal of Sedimentary Petrology, vol. 15, no. 3, ‘Sedimentary 
Variation: Some New Facts and Theories.” 


Pp. 76 & 77. Subscripts to figs. 1 & 2. For “‘lepidote”’ substitute ‘‘epidote’’ in both 


cases. 


P. 79. Amend ‘j’ to equal 


P. 80. Subscript to fig. 4. For ‘‘ <0.05 > substitute ‘‘>0.05”. 
P. 81. Column 1. Line 25. For “‘horizontal’’ substitute ‘‘horizonal.”’ 
P. 82. Column 2. Line 35. For ‘‘Insignificant’’ substitute “Significant.” 
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Cambrian History of the Grand Canyon 
Region. Part I. Stratigraphy and Ecol- 
ogy of the Grand Canyon Cambrian. 
Edwin D. McKee. Part II. Cambrian 
Fossils of the Grand Canyon, Charles 
E. Resser, Publication 563, Carnegie 
Institution of Washington. Washing- 
ton, D. C., 1946, pp. i-viii, 1-232, 27 
plates. 


This review is concerned with Part I 
of this paper in that important prin- 
ciples of sedimentation are applied to 
interpretation of the Cambrian section of 
the Grand Canyon region. Professor Mc- 
Kee has repeatedly demonstrated in 
several papers that environmental con- 
ditions are responsible for deposition of 
sedimentary deposits and that these en- 
vironmental conditions produce char- 
acteristic structures and features in the 
deposits which are formed by which the 
producing environments may be recon- 
structed. As environments change from 
place to place, so do the sediments cor- 
respondingly change. Likewise, environ- 
ments change as deposits are made and 
this leads to change in overlying de- 
posits in response. 

Part I consists of 168 pages and 15 
plates divided into five chapters which 
in order consist of (1) Introduction, (2) 
Classification of the Cambrian, (3) De- 
scription of Facies, (4) Description of 
Members and Tongues, and (5) His- 
torical Sequence. 

The chapter on the classification of the 
Cambrian is divided into: Interrelation 
of Lithogenetic, Time-Rock, and Time 
Units; Lithogenetic Classification; Time- 
Rock Classification; and Time Classi- 
fication. The chapter on facies lists 14 
different types of which each is de- 
scribed in detail. Chapter IV described 
in detail the 18 members and tongues 
which McKee recognizes and gives their 
distribution. Data are given on thickness 
and fossil content of each. The many 
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sedimentary structures present in the 
Cambrian strata are described and illus- 
trated by text figures. The chapter on 
historical sequence considers the se- 
quence of topographies which gave rise 
to the sequence of Cambrian sediments, 
the surfaces on which the sediments 
were deposited, the nature of the waters 
in which deposition took place, whether 
deposition took place in the open sea, 
offshore, around islands or in inland em- 
bayments, and in transgressing or re- 
gressing seas. 

The paper is easy to read and very 
interesting. It is recommended for read- 
ing to students of sediments and par- 
ticularly to stratigraphers. The plates are 
excellent and show the many sedimentary 
structures and other features of the 
sediments. i 

Part II by the late Doctor Resser de- 
scribes the fossils which have been col- 
lected from the Cambrian strata of the 
Grand Canyon region. Places of collec- 
tion are given and the fossils are illus- 
trated in 12 plates. 

W. H. TWENHOFEL 
University of Wisconsin 


The Snellius-Expedition in the Eastern 
Part of the Netherlands East-Indies, 
1929-1930. Vol. V, 1943, Geological 
Results, Pt. 3, Bottom Samples, Sec- 
tion I, Collecting of the Samples and 
Some General Aspects by Ph. H. 
Kuenen; Section II, The Composition 
and Distribution of the Samples by 
G. A. Neeb. Lerden, Holland. Pub- 
lished by E. J. Brill. 


Section I of this paper consists of 46 
pages and 2 plates, Section II of 222 
pages and 11 plates. The paper also con- 
tains a map in 9 colors showing distribu- 
tion of the sediments over the sea bottom, 
a map giving distribution of ash ejected 
in the explosion in 1815 of Tambora 
Volcano on the Island of Soembawa, and 
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a map giving distribution of relative lime 
content of the deep sea deposits in the 
eastern part of the East Indian Archi- 
pelago. 

Section I by Kuenen consists of four 
chapters which in order are: (1) Intro- 
duction, (2) Collecting of bottom samples, 
(3) Remarks on some chemical properties 
of the samples, and (4) Miscellaneous 
aspects of sedimentation. 

Chapter II describes the apparatus 
used in collecting samples of bottom 
sediments, suggests some improvements 
of the bottom sampler used, gives method 
of operation of the sampler used, and 
states the treatment of samples after 
collection. 

Chapter III considers the content of 
organic matter in the samples, gives 
some results of chemical bulk analyses, 
discusses the percentages of calcium car- 
bonate in the sediments, states results of 
radium analyses, and gives the water 
content of the sediments. The water 
content was found to range from 45 to 
70 per cent and to average 58 per cent. 

Miscellaneous aspects of sedimenta- 
tion, considered in Chapter IV, dis- 
cusses anaerobic sediments found in 
Kaoe Bay between the two northern 
arms of the Island of Halmahera, the 
scarcity of stratification in the bottom 
sediments, the absence of an annual 
rhythm in the deposits, the rate of de- 
position of sediments, the sliding of sedi- 
ments on sloping sea floors (considered 
very important), oceanographical factors 
governing sedimentation, and a summary 
and suggestions for future investigation. 
Oceanographical factors governing sedi- 
mentation considered important are cur- 
rents retarding the sinking of particles, 
renewal of water in the deep basin, solu- 
tion of lime in the basins, and scattering 
of particles by horizontal currents. 


Miss Neeb’s contribution (Section II) 
consists of six chapters which in order 
are: (1) Methods of research, which are 
discussed as mechanical analysis and 
mineralogical studies, (2) Classification 
of sediments, (3) Earlier investigations. 
(4) Results of microscopic investigation 
of the samples, (5) Rate of sedimenta- 
tion of the sediments. (6) Réntgeno- 
graphic research, (7) Calcareous and 
siliceous organisms, and (7) Secondary 
minerals, 

In Chapter II sediments are classified 
as Globigerina ooze, red clay, coral mud 
and sand, terrigenous mud, volcanic mud, 
and volcanic mud plus terrigenous mud. 
Results of the microscopic investigations 
placed the sediments in five classes which 
are: volcanic muds and volcanic materials 
of the mixed muds, terrigenous muds, 
Globigerina ooze, coral mud and sand, 
shallow water deposits, and hard bottom 
and coarse deposits. The chapter gives a 
review of the mechanical analyses of 
sediments. 

Few secondary or authogenic minerals 
were found in the sediments. Pyrite is 
common under certain conditions of pres- 
ence of organic matter, barite was found 
in two samples, glauconite is common 
in some samples, manganese oxide occurs, 
also limonite, and calcite and dolomite 
are present as euhedral rhombohedrons. 

An excellent summary of the results 
of the research is given following the 
last chapter and there is a bibliography 
of 19 titles. 

This paper is an important contribu- 
tion to knowledge of the marine sedi- 
ments deposited among islands. The 
authors do little theorizing. The work is 
largely a presentation of the facts dis- 
covered from study of the sediments. 

W. H. TWENHOFEL 
University of Wisconsin 
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